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The Mechanism of the Biological Action of Radiation*)

F. HERCIK
Institute of Biophysics, Czechoslovak Academy of Science, Brno

Received April 10, 1956

The aim of the present communication is to draw attention to certain features of
decisive importance in the primary effect of radiation, which have hitherto been
neglected.

The processes which start the long chain of reactions leading to the final effect
of ionizing radiation, begin with the following basic stages:

1. An elementary process,
2. A primary process,
3. Anintermediary reaction,

which then leads to the visible reaction by which the action of the radiation is estim-
ated. By the elementary process we mean the interaction between the photon or
particle on the one hand and the living matter on the other. The elementary process,
therefore, corresponds to the excitation and ionization produced by the absorbed
photon or particle. This is followed by the primary reaction, which is of a chemical
nature, and which either spreads directly, as in the case of the direct action of
radiation, or is brought about indirectly by the action of radiation absorbed through
an aqueous medium (action of radicals). The intermediary reaction involves the
effect of radiation on certain important components of living matter, which play
a decisive role in the resultant visible reaction, namely, the specific action of radiation
on protein and nucleic acids.

1. The Elementary Process

The absorbed photons of hard radiation or swiftly moving particles impart conside-
rable momentum to electrons or, in rarer cases, to whole atoms. The energy of photons
and particles is in most cases greater than the binding energy of the electrons
and a large number of excitations and ionizations therefore occur. Excitation can
occur only where the energy of the photon or the particles is less than the ionizing
potential of the atom. These states of excitation and ionization are very varied and
can finally lead to chemical change.

The energy required for extracting an electron from the atom is termed the
binding energy and is equal to several eV. This energy depends on the electric charge
of the particles concerned and on their distance from one another. The potential
energy of particles with one elementary charge and lying 1 A apart equals 15 eV.
The minimal energy required for excitation of external electrons is a few eV, whereas
the energy required for excitation of internal electrons is considerable and equals the

*) Presented at the First Conference of Radiobiology, Brno, 4. XI. 1955.
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binding energy of the electrons. Chemical bonds develop equal to several eV between
the atoms. The forces of cohesion between atoms and molecules in large aggregates
and in macromolecules are then weakened still further. The energy required for
excitation of the bodily motion of the atom is therefore less than 1 eV.

Excitation differs from ionization in that the excited electron possesses excess
kinetic energy and does not break loose from the atomic structure; the atom soon
changes over to its basic state, during which it either releases electromagnetic
radiation in the form of fluorescent radiation, or internal re-grouping occurs within
the atom, leading to a photochemical reaction. The excited external electrons
change the inter-atomic bonds and thus the arrangement of the atoms within the
molecule and thereby this photochemical reaction develops. Tn this way theaction
of weak photons of visible and ultra-violet light brings about a change in the chromo-
phore groups in biologically important molecules, resulting in a specific photo-
chemical reaction. Such chromophore groups are formed by certain biologically
important colouring matters (chlorophyll) or by the purine and pyrimidine groups
of nucleoproteins, which have a characteristic band at about 2,600 A. These cir-
cumstances are important with regard to the action of radiation on protein. The
protein molecule is composed of polypeptide chains, linked in a number of places
by hydrogen bonds. The binding energy of these bonds is about 0.2 eV. Pauling
(v. Franck and Platzmann 1954) is of the opinion that the simultaneous disruption
of these bonds in several places leads to denaturation of proteins.

Similar destruction was recently produced by Ephrussi-Taylor and Latarjet
(1955), on irradiating the transforming factor of the pneumococcus, which may be
considered as nucleic acid. After X-ray irradiation with 33 KV it was seen that the
molecule was destroyed by a single “hit”’. The authors concede that the energy was
dissipated, about 509, in ionization and 509, in excitation, one ionization being
equal to about 4.5 excitations of 5 eV each. On this basis, specific absorption in the
chromophore groups of nucleic acid is inevitable. Owing to the fact that by certain
mutations, the quantum yield with a photon of 5 eV is 100-—1,000 times smaller
than for ionization, these two authors therefore assume that excitation participates.
in about only 59, of the transmitted energy and that it can be ignored.

In my opinion this view is not correct, since the external action of ultra-violet
light on biological units cannot be compared as a matter of course with excitation,
which develops within the protein molecule simultaneously with ionization. This
view is also supported in a communication by Watson (1950) and by my own
experiments.

Watson succeeded in reactivating phage which had been inactivated by X-ray
irradiation. This reactivation was carried out by visible light. It is assumed that
bacteriophage can be reactivated because one half of the absorbed energy of the
X-rays is dissipated in the form of excitations and the second half in the form of
ionizations. A phage inactivated by excitation can be reactivated by visible light.

For the photoreactivation of X-ray damage by visible light, the following cir-
cumstances must be taken account: On irradiation with a wave-length greater than
0.4 A, the photon is completely transformed into a photoelectron. During the
Compton effect (A < 0.4 A), besides ionizations, weak photons develop and a large
number of excitations are also evident. It may therefore be expected that in radiation
produced by a tension lower than 30 kV, photoreactivation will be very small or
non-existent, whereas with radiation at 60 KV, photoreactivation increases. This
assumption has been confirmed in experiments, which are now being conducted
in our laboratory.

Using visible light we succeeded in photoreactivating non-lysogenic bacteria.
of Escherichia coli B, which had previously been irradiated by X-rays (56 KV). The.
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degree of photoreactivation is naturally not so marked as with photoreactivation
of damage caused by irradiation with ultra-violet rays. This is due to the fact that
only a small percentage of bacteria are damaged by excitation, since in most cases
ionization also participates. Details will be given in a separate report. Similar results
in lysogenic bacteria were obtained by Latarjet (1951).

In my opinion, excitation, particularly in the case of hard radiation, cannot be ignored.

The energy required for excitation of the electrons may not amount to as much as 20 eV (Fano 1954).
This energy is always a few eV lower than the binding energy of the electrons. Excitation of the atom
can bring about changes in the molecule which, although they may not lead directly to inactivation, may
have an effect on late inactivation.

Bacq and Alexander (1955) cite the communication of Burton, Magee and Samuel, who take the
view that the free radicals H and OH develop only by dissociation of excited water molecules. It is an
interesting hypothesis, which assumes the development of two types of excited molecules, of which only
one is rich in energy and sufficiently stable for the radicals, developed by dissociation, to have sufficient
time to escape. It is again seen, however, that excitations are significant for the biological action of
radiation. In addition to the facts already mentioned, there is still the further possibility of a shift of
energy from one part of a macromolecule to another. These phenomena of energy migration are known to
exist in crystals (Riehl 1940) and were found by Wallenstein (1952}, to exist in hydrocarbon molecules
also. In the case of large molecules, such as insulin, trypsin or chymotrypsin, Pollard assumes that
energy migration comes into play in the difference between molecular weight as determined by direct
action and by other methods. From this it is already evident that the processes which take place in
macromolecules after absorption of radiation are very complex and that it is not sufficient to interpret
them by a simplifying conception such as inactivation of a whole molecule by a single ionization.

As far as the action of actual ionization is concerned, these processes are suf-
ficiently well known and will be only touched on here. For ionization of an atom
there must be a sufficient amount of energy (in the form of absorbed photons or
colliding electrons) to overcome the ionizing potential of the atom. Ionizing poten-
tials have been exactly determined for only some elements and range within the
limits of 3.9 eV for CS and 24.6 eV for He (Franck and Platzmann 1954). Ionization
of a molecule, on the other hand, is relatively easier. In this case it is necessary to
increase the basic electronic state of the molecule. In stable molecules the ionizing
potential is between 10 and 16 eV. As already mentioned, in ionization electrons are
released which can again be caught up by positive ions. In this case, however, the
process is not one of simple supplementation, but the molecule becomes electrically
excited. Dissociation may occur or its oscillation energy may be increased. In this
connection Franck and Platzmann draw attention to one feature which very sharply
differentiates gaseous ionization from aqueous ionization; freshly formed ions in
aqueous solutions are very quickly hydrated, and a considerable amount of heat is
freed. All these facts lead to the coneclusion, with which we agree that the experi-
mentally ascertained ‘‘sensitive volume” is not related to some specific part of the
molecule, but that it is the average of effective cross-sections for various types of
excitation and that this is modified still further by the corresponding probability
with which the given biological affect occurs.

A similar point of view was recently adopted by Volkova and Pasynsky (1955), who irradiated
protein solutions with ultra-violet and X-rays and found that the quantum yield required for the
denaturation of seralbumin in an aqueous solution was 7 x 10—4, whereas a 37 9, dose of X-rays is 10r.
With these doses of irradiation it was seen that amino nitrogen is more or less stable, so that only 2—3
peptide links are broken down in the protein molecule (molecular weight 70,000), corresponding to an
intensity of hydrolysis of 0.6%,. Denaturation of protein following irradiation cannot therefore be ex-
plained by disruption of the peptide chains, but by re-grouping of the intramolecular bonds within the
protein molecule. This involves the hydrogen bonds already mentioned above. Pasynsky is of the opinion
that from 20 to 40 hydrogen bonds need to be destroyed in order to produce probable denaturation of the
protein molecule. He opposes the view, however, that the small probability of such simultaneous
destruction of the hydrogen bonds should be based on “hitting” a special centre in the molecule. He
points out that it is not correct to speak of an ionizing effect of X-rays in relation to the target theory,
since the passage of these photons through the moleculeleads to a quantity of excitations of the molecules
that could possibly exceed the number of ionized molecules and be sufficient to bring about denaturation
of the protein molecules.
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There is some evidence that on the track of a swiftly-moving particle not only
excitations and ionizations are found but also active radicals, which develop as
a result of these elementary physical processes. From this it could be concluded that
in some cases further intermediary products following irradiation are also distri-
buted in column formation in the living matter for a small fraction of a second.

2. Primary Reaction

As already stated in the introduction, the elementary physical process gives rise
to a primary reaction, which covers the group of phenomena occurring in the irra-
diated area. The primary reaction, is caused either by direct action or indirectly
by radicals released in an aqueous medium. These theories, which formerly conflicted
with each other, are now regarded as being complementary.

As far as direct action is concerned, there are two things which should be very
carefully differentiated. Statistical fluctuations undoubtedly take place in the
incidence of elementary physical processes. This is due to the physical character of
the whole process and there can be no doubt that it is actually so. Nor can there be
any doubt that “sensitivity” is not evenly distributed in living matter. That was
demonstrated many years ago in our own experiments (Herdik 1939) and in those
of Petrova (1942). Using alpha radiation of varying strengthsit was demonstrated
that the nucleus was considerably more sensitive than cytoplasm. It is therefore very
probable that discontinuous action occurs in living matter the sensitivity of which
is uneven. These facts should, however, be distinguished very carefully from a gener-
alisation such as the target hypothesis. According to this hypothesis, a sensitive
volume exists in the cell, in which the direct action of one or more ionizations causes
a change which leads to its destruction and thus to the death of the cell, or to
a profound functional or morphological change. The target theory is incorrect
mainly in both these assumptions, which are exclusively of a biological character.
As already stated, no objections can be raised to physical facts, but the conception of
a single sensitive volume for the whole cell is indubitably incorrect. It cannot be
assumed that there are parts of the cell with very low sensitivity and, on the other
hand, that it contains only one macromolecule, about 107% e¢m. in diameter, which
decides on the life of the whole cell. There is no doubt that various processes parti-
cipate in living systems, in which considerable amplification of the original stimulus
occurs, but the hypothetical assumption of a sensitive volume in the cell, limited to
a certain structure, is too improbable.

At the present time, the target theory is being subjected to criticism. Fano (1954) states, for example,
that many facts are accumulating which oppose this hypothesis. If the uneveness of biological effect
depends only on the chance localisation of the primary processes, then the correlation between the two
chance phenomena ought to have a definite geometrical structure, i. e., the trend of the curves expressing
the relation to the dose ought to be independent of the factors of the environment. Since this is the case,
an auxiliary hypothesis is required, which, according to Fano, detracts from the weight of the original
working hypothesis. Houtermans (1953) makes a critical analysis of the target hypothesis and points
out that the chief substantiation of this—the “single hit”’ curve —is a formal phenomenon, from which
all the others are deduced. I once suggested that instead of the single sensitive volume the possibility of
sensitive sites in the cell should be taken into account (Heréik 1946), These sites would change their
localisation according to the area where the most sensitive reactions to radiation are taking place.
As I see it today, however, this modification of the target theory actually changes its own basis, since it
denies the existence of a sensitive. volume. If the various objections to the target theory are taken into
account, the only fact which can finally be conceded is that the effective cross-section can be calculated
from the relatonship between the biological effect and the radiation dose. The values of the etfective
average of different types of radiation and different objects have only a formal significance, which in
a certain way expresses the sensitivityof a given object to radiation. They have a true significance only in
homogenous systems.
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This brings us to the question of whether the target theory also remains valid for
determining the size of single objects such as macromolecules, viruses, etc. Lea (1948)
verified the target theory when irradiating molecules of myosin and ribonuclease
and from the decrease in activity determined the inactivation volume and from
this the molecular weight. His results were in agreement with the known molecular
volume. Since then, many similar experiments have been carried out. Pollard (1955)
established a detailed table giving approximately 40 molecular volumes determined
by radiation in contrast to other methods. From these tables, it can be seen that
considerable differences exist between molecular weights determined by radiation
and other methods. It is not possible, therefore, to share Pollard’s optimistic view
that this technique has promising prospects.

It cannot be said that the target and radical hypotheses complement each other in
any way. The hypothesis of radicals is based on the assumption that the action of
radiation on water leads to the development of the radicals OH, HO,etec., in the
course of the primary reaction, and that these, in the presence of oxygen, are con-
verted into H,0,. The presence of these radicals changes according to the structure
of the environment. It is assumed that the above-mentioned radicals develop on
irradiation of pure water. Their existence with the exception of the radical OH
(Dainton 1948), has not yet been determined by a direct method.

In general, it may be said that a primary reaction may be seen in the disintegration
of water or of other simple molecules by radiation, which automatically follows the
process of elementary absorption in matter.

Densitity of ionizing radiation, such as alpha particals, produces such a concen-
tration of hydroxyl radicals on their track that a molar level is reached (Gray 1955).
In such a case the formation of H,0, is more than usually accelerated. On the other
hand, around swiftly moving electrons radicals are formed in concentrations of
about 1,000 times smaller and there is therefore a preponderance of the reaction
H + OH = H,0, by which the formation of radicals is ‘“‘stabilized” and peroxide
can again be formed. Radicals have hitherto not been reliably demonstrated, since
they are very short-lived, with the exception of the radical OH, found by Dainton
in 1948, so that in pulsed radiation sources they could be demonstrated by micro-
wave spectroscopy, as has already been done in the case of hydrogen atoms in
rradiated ice (Gray 1955).

It may be seen from the foregoing that oxygen is of great importance for irra-
diation. It would be a mistake, however, to evaluate the presence of oxygen only in
the light of the hypothesis of radicals. The role of oxygen in respiration and meta-
bolism should not be forgotten. In this connection Gray draws attention to the
work of Laser, who found that the radiosensitivity of bacteria ceases to be dependent
on the concentration of oxygen from the moment their enzyme system is damaged
by poison. The part played by oxygen in chromosome breaks is also very complex.
The concentration of oxygen not only has an influence on increased radiosensitivity,
but also on the restoration processes which develop in the later phase following
irradiation (Giles 1954).

It is not possible to deal here in detail with one question which is still a subject
of discussion, namely whether the final product of the primary biological reaction in
the presence of oxygen is hydrogen peroxide, which has been demonstrated in pure
water, or whether it is the radicals OH and HO,. It would appear necessary to differ-
entiate the final biological effect. Sufficient material has been collected in favour of
hydrogen peroxide, most of which concerns indirect evidence. It must, however, be
taken into account that hydrogen peroxide is very rapidly broken down by catalase.
Finally, I should, like to stress that all these reactions are of very short duration,
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which leads us to the opinion that what we call the primary reaction must of
necessity take place within a fraction of a second.

3. The Intermediary Reaction

The primary action is followed by the intermediary reaction, which in a certain
sense is the most obscure part of the whole process. We should not fail to take into
account the great complexity of the reactions which take place in living matter
and tolabel one of them as the intermediary reaction following irradiation by penetrat-
ing rays would not be correct. It would seem more likely that qualitatively different
types of reactions take place, depending on the dose of radiation. In other words, a
small dose of radiation produces a qualitatively different reaction from a large dose.
Until recently, the majority of radiobiological reactions were tested on very rough indi-
cators, such as death of the cell, chromosome breaks, a decrease in metabolism, ete.
In some cases very large doses are required to produce the desired effect. It is known
that in order to kill certain Protozoa, doses of hundreds of thousands of r are
needed. On the other hand, however, a dose of only 30 r reduces growth of a root
after only a few days. A few hundred r cause destruction of the meristem and the
root dies in a few days. If a site only 1 em. from the root tip is irradiated, a dose
of 200,000 r is required to reduce mitosis. This means that during 24 hours the
sensitivity of the root is changed by 1,000 times (Gray 1955). This demonstrates how
important it is to find the correct relationship between the dose and the sensitivity
of the object. I should like to draw attention to some circumstances which have
a significance for understanding the intermediary reaction in living systems. Latarjet
(1951) found that X-rays can evoke the formation of bacteriophage in lysogenic
strains. Recently the development of a lytic factor in a non-lysogenic strain of
Escherichia coli was evoked by supersonics (Hradeéna) and later also by X-ray
irradiation of 60 kV (Her¢ik). Further details are given in separate reports. It has
already been known for some time that ultra-violet light has a similar action (Jacob
1950, Hradeéns 1952). In Escherichia coli, ultra-violet radiation gives rise to the
formation of colicine (Lwoff 1953), an antibiotic produced by a number of strains of
intestinal bacteria. It is also interesting that hydrogen peroxide can evoke the
formation of phage in lysogenic bacteria and of colicine in colicinogenic bacteria.
The intensity of this phenomenon is influenced by the concentration of oxygen. In
summing up it may be said that the action of X-ray radiation or the direct influence
of hydrogen peroxide brings about changes in bacteria which lead to the formation
of bacteriophage (Lwoff). In this connection it should be pointed out that, according
to the latest research, the formation of bacteriophage is due to a deviation in nucleo-
protein metabolism. It follows from this that radiation or the action of hydrogen
peroxide can also bring about a similar deviation in nucleoprotein metabolism.
Yamafugi and Osawa (cit. by Lwoff 1953) achieved the formation of insect viruses
by the action of hydrogen peroxide and by the influence of other peroxides, such as
tertiolutyl. These peroxides, however, are known to be cancerogenic. We therefore
arrive at the conclusion that there is a whole series of physical or chemical factors
capable of producing a change in nucleoprotein metabolism, which leads to the
development of a substance termed a deviant, which in some cases has the character
of a virus and in others of a foreign protein.

It must be concluded from the above that quality of the damage caused by ionizing
radiation does actually depend on the radiation dose. With a small dose of radiation,
there can only be a slight deviation in nucleoprotein metabolism, which may be
manifested by a permanent, hereditary change. With larger doses, disintegration
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of nucleoprotein takes place as a result of de-amination and dephosphorylation.
This does not mean, of course, that the reaction between radiation and the organism
takes place only on the nucleoprotein substrate. Other substances are also involved.
We believe that the nucleoproteins are the central axis, as it were, of all these
changes.
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Mexauusm OMOJOTHMYECKOTO AelicTBUA 00JyueHUA
®. 'EPUNK

Pesome

[Iponecenl, POTEKAONINE B JKIBOM BCIICCTBE, 1101BCPIaBIICMCH JCHCTBAIO HOLUMBH-
pyouero o6JydCHUsI, MOMKHO DPa3[eluTh Ha: DJIeMCHTAPHBIL NPOILCCE, UEPBUUHYIO
PeaKIUio M HHTePMEANAPHYIO PEAKIAI0, TIOC]Ie KOTOPOI TONBKO CJICAYCT COOCTBEHHO
BugnMB 3@QeKT 00iyueHnd. Y ajleMeHTAPHOTO TIpolecca BajKHA HE TOALKO HOHY-
3aIMs, HO I DKCIUTANUA, 3HaUYeHNe KOTOPOH JI0 cuX IOP HecuPaBCIINBO HELOOTICHU-
Baaoch. O HaIMUMM GUOJIOTMYECKOrO JeHCTBUA SKCIHUTAINT TOBOPUT U TOT QAKT, 4TO
B HEKOTOPHIX CJY4asX YABaJ0Ch DPOUBBCCTH (QOTOPEAKTUBU3ANMIO JCHCTBUS
peHTrenoBeKoTo 0bGayuenns. [lo MHeNHI0 HEKOTODHX WCCTeRoBaTeJICH, ¢BoGOHbBIC
pamuikanst H u Ol BO3HEKAIOT TOJIBKO B Pe3yIbTATE AUCCOMUAIMH IKCIUTUPOBAHHALIX
mosteryt Bofbi. Oco6o BajKHOE 3HAYEHME DKCIMTALMA HMCeT HpU BOBACHCTBIN 00JIy-
yeHMeM Ha OCJIKM, KOTAa mpoJcraiue GOTORB MOTYT BBHI3BATL DKCIMTAUMIO B HA-
¢TOJIBKO BBICOKOH CTEIeHM, YTO MOJICKYJia MMM JICHATYPUPYETCH.

B nepsuyHOM npouecce 0¢BOGOMAANMECS PALNKAILL UMeI0T OoIbIICe 3HavcHue,
uem npamoit ynap. [IpepcraBienue o KieTKe, Kak O CIUHOM, 110 BeeMy 00B My
OJIUHAKOBO YYBCTBHTCIILHOM TeJie, TOBMINMOMY, HenpaBuibHo. [Ipumenenue runo-
Te3Bl MUIIEHU JJIs ONpENeNIeHNA PasMCpPOB MOJIRYJL TORe CTPajaeT pPasjindHbIMH
HejocTaTkaMu., Hedabss ckasaTh, 410 THEMOTE3a MAMICHM W TUNOTE32 PAJUKAJIOB
Rak-Hubynb AONOJHAIOT APYT ApPYyra.

WuTepMennapuast peakuus HauMmeHee u3ydeHa. Bechbma BepoaTno, uro B 3aBHen-
MOCTH OT 036 OOJIy4CHUA BO3HMKAIOT KAYECTBEHHO PA3JIIUYHLIC THIBL PCARIMIT.
Jlas Teuennsa MHTEPMEAMAPHOI peakiinu OOJBIIOC 3HAYEHNC UMeeT JIEBHALUA MeTa-
fou3Ma WYKIIEOTPOTEMIOB, BO3HMKAKIAsT y Oakrepmit nmpu HefoIbIAX JlO3aX
PCHTICHOBCKOTO OOMYYCHMA 1 IPUBOAAIIAA K 00Pa3oBaNMIo JIMTHYCCKUX PAKTOPOR.
L{puBosiATCA TPUMEpHI, B3ATHE 13 COOCTBEHHBIX HCCIIeIOBAaHNIT. YKasniBaeTces Ha 10,
UT) JUBOTEHHLUL faKkTepruOdar BO3HIKACT 1O/ JICHCTBUEM PeNTIeHOBCKOTO 00Ty ctinsi.
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FOLIA BIOLOGICA

Tom. II. (1956) — Fasc. 4

daroausuc KIETOK CTaAQUIOKOKKA

M. POSBEHBEPT
Bronorndeckull HECTATYT MeTMIMHCKOTO (aKyibreTa YHUBEPCUTETA B Bpuo

ITocmynuao 6 pedaryuro 3 IV 1956

B mocnemume rojxsl npobneme GakTepuodara MOCBANIAETCs NOBBIMEHHOE BHU-
MaHWe, — HeCOMHeHHO, IIOTOMY, u4To Gaxrepuodarna TecHO CBA3AHA C npobreMaMu
BUPYCOJIOTMA, & KpPOMe TOTO uMeeT M obnebmomorndeckoe 3navenne. Ocobenno
HHTOHCHBHO ¢ TOMOIIBIO BJICKTPOHHOTO MHKPOCKONA WCCIE0Baach Mopgomorus
Gaxtepuodara u MeXaHU3MBL ero 00pazoBAHUA.

Ouenb nopoGHQ a1y npobnemy n3yyan lepuuk (1953), xuura rkotoporo «IIpo6iema
faxrepuodaray BCECTOPOHHE BHAKOMAT UMTATeINs ¢ COBPEMEHHBIM COCTORHUCM M3y~
qenus GaKkTepHOPATHN U ¢ COOCTBEHHBIME BIEKTPOHHOMUKPOCKOUMHUGCRUMIL MCCTEA0"
BaHMAMU ABTOPA, PE3yIbTATOM KOTOPHX OBIIO co3jlaHue OPUTMHANILHOM TUIIOTe3HI
o BosHukHOBeHuu Garrepuodara. CyIHOCTH THIIOTE3bl B CIIEYIOIIEM: faxrepuodar,
KOTOpHIT ajgcopbupyercs GaKTepuaIbHOM KJICTKOI, BBI3BIBACT IIyOOKME M3MEHCHUA
ee CTPYKTYpBl, XapaKTepuaymoumuecs pacnaioM KJIeTOUHOI tasMel Ha Oojbmioe
KOJMYECTBO MOHOMMCIEPCHBIX ImapukoB. JleayHTerpalusl NJasMbl B 3CPHUCTOC
cOCTOAHNMe — 3TO HeoOXomMmas crajns obpasoBammsa Gaxrepmnodara. 3epHHCTOCTD
o6maaer ¢1ocoGHOCTLIO TPYNIHMPOBAThCA B JIMHEMHbIC NEUOYKE 1 PACTH B TOJIIAY.
(CHauajla B 3CPHNCTOM BelecTBe BO3HUKAIOT MOJA, ABOPUKU C AMKOIl B I[eHTpe
¥ yTOJMEHHsMA KpasaMu. IlocTeneHHo yTOMMAsCH U paspacTaich ¢ Kpaes uo Ha-
IPABIeHNIO K LEHTPY 00pasoBaHus, 3TO BEIIECTBO Popmupyer Tteso Gaxrepuodara.
CTponTeIbHBIM MATePHAIIOM JIIH CO3/IAHUA GaxTepuodara siBIAETCA MOHOIMCTIEPCHAS
3CPHUCTOCTH, CYNIHOCTh I KauecTBa KOTOPOil He MCCIe/loBaHEI. Tepuuk (1953) cumraer
e CKOILIGHMAMU YKEBBIX MOJEKYH, KOTOpHIe, KaK OH oTMedaer, oGafaior coGeTBeH-
HBIM OOMEHOM BelllecTB, CIHOCOBHOCTHIO pacTH M 00pa3oBaTh MEIOUKH.

U3yyas MH3OTEHHbIe MTAMMBL CTAaQUIOKOKKOB M H30NUPOBAHHAIC U3 OTUX MITAMMOB
Gaxrepuodarm, Mbl PETyJIAPHO CTANKHBAIUCE ¢ JTUM HABICHUCM ra00yJIAPHOTO
pacnana. Mcxonsa us mpennonoskenns Iepunka, 4To r00yNSIPHBIC MAKPOMOJIEKY JIbL
ABIIAITCSA MCXONHBM MaTepHaioM 1A o6pasopanus Gaxrepuogara, Mpl NONBITAINCH
yCTAHOBHTH, OOJIANIAIOT JIM OHH YiKe JUTHYECKON CIOCOOHOCTHIO M CNOCOOHOCTRIO
K PempOAYKIMU, T. €. MOTYT JI OHM BBI3BIBATH Y IOMOJIOPMUHOTO IMITaMMA Gaxrepuit
daronmsuc, CONPOBOMAANMMICA oGpasopannem Gakrepuodara. [lis pemenns aToM
3ajau¥ MBI IIOJIb30BAJMCH DIIEKTPOHHBIM MUKPOCKOIOM U H3MepPHUTEIBHOM YJIbTpa-
¢uabTpannei.

Mamepuaa u memods

IIpn BceX ommiTaX MbL TOJH30BAIMCEH Gaxreprodarom craMIOKOKKA, U30JIMpOBAHHBIM HAMK
13 an3orensoro mramma LS 2 (Posenbepr ¢ corpyaHuKamMu 1955). KynpruBanus WITaMMOB ¥ QUiIb-
TpanyA OpoUBBORUINCE B OynboHe U3 NIALEHT. TlJist THTPALWMH K HeMy TpubaBisinck 2% arapa.
B HeckoJbKUX cIyuafax OyinboH oforamadnci 1% Ilporeoc-mentoHa Ne 3 Difco n 19, acnaparuHa.
B oro#t cpeme ABJeHUA II0GyIApHOTO pacnama ObiBadM 0COGEHHO MHOTOYMCIEHHB ¥ XOpolllo
3aMETHHI,

201

Approved For Release 2008/04/10 : CIA-RDP80T00246A002900500012-2



Approved For Release 2008/04/10 : CIA-RDP80T00246A002900500012-2

ITp umeHANach 00BYHAA TeXHHKA pafor ¢ aueKTpoHHEM Mukpockoniom. Momogan KyJabTypa
Gakrepuli, sapasennan Gakrepnodarom, UEeHTPUPYTUpOBAACH B MOMEHT TyOACHEHUSA, NBAILE
HpOMBIBATach (QUSHOIOTMYCCKUM DACTBOPOM I TPIWKABL — JecTIIINpoBaHHON Bogo#t, Ilortom
B3Bech Oakrepnil B COOTBeTCTBEHHOM pPas3BejleHHN HAHOCHIACH HA KOJIIOTHEBYI0 MUICHKY HA TOA-
nopHo#i Merasuveckoil cerke. llocie BHicHXaHuA KOHTDPACTHOCTP 00heKTa HOBBHINANACEH IIyTeM
HAHECCHMA NCKOCA B BAKYYMe CJI0A XpoMa M CHIAaBA 30J0Ta M nainapuda mo Wyckoff-y u Wil-
liams-y (1946). HatGmonerus TpON3BOAUINCH C TIOMOIINBIO NMPOTOTUIIA YeXOCTOBALIKOTO ICKTPOH-
HOTO MUKpOCKOTIA.

A usMepeHNHt myTeM yIbTpa@uIBTPAIMN MET UPUTOTORUIN HAGOp PUIBTPOB ¢ MOpAMH PasIuy-
HBIX pasMepoB. Mbl N0JIb30BATUCH COMPTOBO-d(NpHEIM pacrBopoM koJrioAns «Cnoda» ¢ mpumecsio
aneToHa M MpUOABIAIU K HeMY B PABIMYHBIX KoJHYecTBax BOAY M yKCYCHYIO Kuciory. IIpuroros-
JeHHe 0 U3MepeHuA YUIbTPOB cpelHeil nopucTocTn HpousBoAMiLCch 1o Bauer-y u Hughes-y (1935).
Radecrnso duuibrpos, 7. e. BapnallioHHEIA pasMax IHaMeTpoB WX Top, npoBepsAdock no Erbe (1933)
u Pisa (1933). ®niabrpst Gritn YAOBJIETBOPNTENBHOTO Ka4eCTBA, TAK KaK MOJyYeHHBI Hamu Bapya-
UNOHHBIH pasMax [uaMeTpoB MOp MAo OTIAMYANCH OT JLAHHEIX smreparypsl (Grabar 1943). 3apa-
weHHanA Gakrepnodarom B3Bech Gakrepuil B GynboHe PuIbTpoBaIaCh B MOMEHT HpOSACHEHUS ucpes
KoJTo/eBH A uaibrp cpenuelt nopucroctu (0koso 800 my). I'1aBHEIe U3MepeHnsA MpPOUBBOJUINCH
nyreM (MIbTpanuu Hepes el g uibTpos ¢ pasiwuEol mopucTOCTHIO JIpH TIOCTOAHHOM
AaBIeRnn B 200 MM pTYTHOrO cToJ0a. OrdunbrpoBsiBaiioch Beeraa mo 10 M suakocru. TecTht
NMpOUSBOAUINCH ¢ TOMOLIbI0 COOTBETCTBEHHOTO YYBCTBHTEIBHOTO ILTAMMA Gaxrepuil, ITosBaennc
LoJlell HETATHBHBIX KOJOHUIL Gawrrepuodara (plaque) cIymiIo KoKazaTeabCTBOM UPUCYTCTBIA
B QuIbTpaTe 3apasHLIX JUTHUYECKIX YACTHUIL,

Pesyavmamu

DACKMPOHHO-MUEPOCKORUMECKUE HABAI00eH1L. Mopgoornueckan raprnma Kyith-
TYPBl CTAQUIOKOKKA, B KOTOPOIl Ham Gaxrepuodar BeIBAI JM3uc, BechbMa pPasHo-
obpazna. B mosie spenna wmaxomsres Hapaay ¢ KJICTKAMM, 3HAYHTEIBHO YBEIYCH-
HBIMM B 06bEME, — U YACTBIO HIIH 3Ke LOIHOCThIO pacnagawmuecst wieTKku. Heco-
MHEHHO, 9T0 CTajnn 6AKTePUOM3A, XapAKTePHbIC JUIA JeATelbHOCTIT barTepuodara.
Onu Gsun MOAPOGHO ommICaAHLI (Tepums 1953), w Mu1 He Gyaem ma HHX ocTaHaBIIN-
BaThCA.

Dopwma Garrepuofara — oferanasn. I ero redy mpuieraet oues LN b RTYTNR
(200—250 mgy), Bechbma THOKHI ® wacto pPa3nu4HBIM 00pa3oM cKpyueHnslii. Kro
TONMIHA OTBEYACT AUAMETPY IJIO0YNIAPHBIX MaKkpoMoneky:r. [omoBra Barrepuodara
OblBacT UpUGIM3NTENLHO Kpyrias, auamerpom B 50—60 my. Tunuynrnic wacruis
Garrepuogara, peryisapuo BeTpedamUecs B HOPMAJIbHBIX KYyJILTYpax B Oy:bone,
lorasanel Ha puc. 1. B cpene, Goraroii amuHOKMCcIOTAMM, TIpH JleTUpaTaIiw, 10~
JOBRIL H4CTRIO paclajfaioTea u ciumommpaores (puc. 2, 4). Tem me Meree ofbim
TOJIOBOK GBIBACT B 05OUX CllydasX UPUGAMBNTEILHO OMMHAKOBBIL, U3 YCr0 Mbl 3aIUTIO-
JaeM, MTO M B TIMAPATUPOBAHHOM COCTOSHHN WX JAMAMETP OBIBACT O;(MHAKOBBIIL.
Tumrano Gospimoe kosnruecTBO OXHOPOIHOIE 3@PHUCTOCTH, — COBE PHCHHO MPABUIIBLHO
BCTPEUAOUIeeCs IT, HCCOMHEHHO, (aKTePHATILHOTO I1PONCXO0KAEHUA , BePHICT CTh PACIIO-
Jlaraerca HHOTAA Ha GOMBIIOM PACCTOSHIIL OT KIETOR, HO 0@ CBSA3b ¢ PACla;lalonMILcH
IJICTRaMU HecoMHeHHa (puc. 2, 4). Juamerp mapuios 6ssact B 20—25 mg, 4ro
oTseyaer fanusv I'epunka, msywasmero ux y E. coli, sapasennsix baxTepuodarom.
Mbi nabmoganum Tamske BOJOKHHCTBIC 06pasoBaHus, JMAMCTD BOJIOKOH KOTOPLIX
TOBOPHT O TOM, 9TO OHM COCTOSIT U3 TAKUX jKe WApHKOB (puc. 2). B ormenapHpix
CAYUAAX yIABATOCH OTMCTUTE HEJIBIC HOJIAL BOJOKHUCTHIX, IOYTH BOMIOKOOGPA3HO
HepenyicTen sX 06pasoBaniil, KOTOpble HEBO3MOJKHO CYNTATH OCTATKAMIL KIYTHROB
bakTepnogara (puc. 3).

Pesyromamu yavmpaguaempayuu. € NOMOMBIO H3MEPHTCIBHOI YabTpauiib-
TPallli MBI NONLITANINCH YCTAHOBUTE, K YeMY HPHOANAIOTCA 110 CBOUM pasMepam
HanGosice MeJKMe 3apasHble YaCTHIDBI, — K bakTepnodary, WM K raobydsapHbIM
MoJIeKynaM. Hamepenns npousBoamInch OOLIMHBIM CIOCOOOM: MBI UBMEPATIL WCCTIe-
AYEMRI® B3BECH ¢ OMOMBIO HAGOpa GUIBTPOB ¢ MBBECTHOH HOPUCTOCTBIO M ONPCHC-
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JANM T. H. KOHEYHHIH NYHKT (QUIABTpAUMM, T. €. NHAMeTpP IOP Takoro ¢QmibTpa,
KOTOPHIT yiKe 3ajepsKuBas JnTAYecKHe dacTAnsl. HoHeuHmi# IYHKT @uibTpanuu
9TO BCJIMYMHA, HA OCHOBAHMM KOTOPOHW MOMHO BBHIUMCINTH AMAMETD M3MepAEMBIX
yacThil ¢ ToMOmbI0 Kosddunuenta xoppexnum Elford-a, xoTopsiM mempasnserca
HEcOOTBOTCTBHE MeH{ly AMaMeTPOM HOD 3aJep)KuBAIODIero YacTHIBl (UIBTPA W iHa-
MmetpoM atux wactur. as mop B rpanunax 10—100 my stor koaddunment cocras-
aser 0,33—0,5, naa 100—500 mu — 0,5—0,75, a xaa 500—1000 mu — 0,75—1,0.
Ha tabn. 1 upuBopgATcsa pes3ysbTaTH M3MEPEHHH ¢ IOMONIBIO UILTPANNH ¢ 0603HA-
HYeHuMeM KOHEYHOIo MyHKTa QMIIbTPAMA U JHaMeTPa JUTHIeCKAX YacTHI ¢ IO PaBKOil
uo Elford-y.

N3mepenwsi ¢ MOMOUIBI0 (MILTPOB TOKA3RIBAIOT, YTO JHWAMeTD CAMEIX MEJKHX
JATHYECKAX YACTAIN, CTMOCOOHHX K BOCOPOH3BENEHMIO M BEISBIBAIOINHUX JIM3UC CO-
OTBETCTBEHHOTO UYYBCTBHTEIBHOIO INTaMMa OakTepumii, koleGierca okono 50 myu.

Huckyccus

W3 npuBefeHHHIX pe3yJIbTATOB dYeTHPeX YAbTPAQUIBTPANMOHHBEIX HM3MepeHUi
OUYEBHUIHO, YTO AUAMETP CAMBIX MEJIKAX JUTHYECKNX YACTHUI, BCTPEYAIMUXCA B KYyib-

Tabm, 1.
OGo3ravenns Gaxrepuodara F 2—3 F 2—13 F 2—14 F 224
OGo3Ha4eHUsA YYBCTBUTEIBHOTO S 3 S 13 S 14 S 24
mramma Garrepuit
| THrpH InTHYeCKUX YacTnl B 1 M s s " - o
| nepen memepenuen 4,2 .10 3,0 . 10 3,7. 10 5,6 . 10
TlonBmeHue IeiCHX MecT (pla- 494 + 4+ + + + 4+
que) B KYyJbType YyBCTBUTEJb- 407 + 4+ 4+
HOTO IITaMMa, 3apaskeHHOMN 310 +++ +++ ++ + 4+
DpoPUIbTpUpOBaHHON B3BECHIO 267 + 4+ +4++ ++ + 4+ 4
193 +++ + ++ 130 +++
176 +++
Cpenunit muamerp mop npu- 163 + 4+
MeHABIIMXCA (PUIBTPOB B Iy 143 + 4 + 4+ 58 +
118 + 268 2 34
105 21 0 0 0
87 0 0 0 0
74 0 0 0 0
HoHeuHBIN! MyHKT GUIBTpALMU B M1 87 105 105 105
HKosddunuenr nompasku mo Elford-y 0,47 0,5 0.5 0,5
JuaMerp u3MepfeMbIX YacTHI[ B My 30—50 40—60 40—60 40—60

IToacHenusa: -+ + + moauwil pacman
+ 4 cIuBalOIIMecA MOJA pacmaga (plaque)
+ YacTHYHO CIMBAIIECH, He AOIYCKAIOIIe TOYHOTO MOMCYeTa MOJIA pacmaga
(plaque).
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Type OakTepuil, sapakeHHOl GarTepuodaroMm, oTBCUACT BEAMUMHE HAUMCHBIICT O
JHaMeTpa rosIoBKU GaKTepuodara, HOTYIeHHON ¢ IIOMOIBIO 3JEKTPOHHOMMKPOCKOI ;-
HECKMX MBMCPCHUIL. JTO 03HWAYAET, YTO OJHOPOLHLIC MAPOBHIHKC MAKPOMOJCKY b,
H3 KoTopeix, 10 Habmopennam lepunka, obGpasyercs Gaxrepnodar, ne obmajaor
ele c1ocOOHOCTRIO BBIBBIBATE Y TOMOJOIMUNBIX IMTAMMOB faKTephii ofpasoBanie
3apasHoro BUPYJCHTHOTO Oaxtepnodara. Ml uojaraem, 4To onu He o0Hajlalor,
U JIUTUYCCKAM jlcieTBueM. 1IpU OpnenTHPOBOYHBIX ONBITAX, TPH KOTOPLIX YJbTpa-
unbTpaT, ocBoGoeHHEIE OT yacTnI GakTepuodara, TPUGABIAICA K TOMOIOTHYHBIM
UVBCTBUTCIILHBIM OAKTePUAM, MBI HC HAGMIOZAIN ¢ HOMONBIO HICKTPOHHOTO MUKPO-
CROTIA HUKAKUX CKOJIBKO-HROY/(h 3aMCTHLIX JIMTMUECKUX RJECTOUHBIX M3MCHCHMIL,
I{omeyio, 3T0 MCTOL COBEPUICHHO HEAOCTATOUHBI, — 6e3 BO3MOKHOCTH KOJLi-
YCCTBEHHOI'O KOHTPOJISL,

Tem ne Menee u3 mammx HaGMOTEHMIT MOKHO CENaTh BBIBOX, UTO INAPOBHHBIC
MaKRPOMOJICKYIILL eI KAa4eCTBeHHO oTanvanTes ot fakrepuodara. Onu xe odnajaior
enie C1rocofHocThI0 K ¢aMOBOCHPOMBBEICHIIO B HJAarONPHATHON cpejie, T. e. MM He-
JweTaeT MMCHHO TOTO IIPM3HAKa, 110 KOTOPOMY DarTtepuodara OTHOCAT K KUBLIM
oprannsmMaM. Jra cHocofHOCTH BO3ZHUKACT, BCPOATHO, KaK COBCPICHHO HOBOC
Ka4CeTBO TOJBKO BO BpeMs AasbHelImero passutus Oawrepumodara M3 oTHX Makpo-
MoJieRy . Heemorpa ma 1o, 94T0 MAKPOMOJICKYIIBL 110 BPEMCHM BOZMHKHOBCHUA CTOSIT
MEIKRJ(Y KJCTKOH Gartepuy u Hakreprodarom, HaM IPECTABIARTCS, YTO OHU 110 Ka-
HCCTBY CKOpee mpubammaiores K 1masme Gaxrepuit. Mol nosaraem, uto Gombmiyio
HOJTE3Y MOTJIO OBl NPUHCCTH CCPOTOTHUCCKOC H3YUCHITE 3TUX COOTHOINCHWIT.

Pesome

1. cenepoBanes §aromsuc KIeTok cTaduaokokka. (. HOMOIIBIO HIEKTPOHHOTO
MHKPOCKOIIA H3YYallich SKIYTUKOBEIE (opmel Oarrtepuodara. [Anamerp ronosrm
cocraaser H0—60 mpy, mwimna skrytuikos 200—250 my npu Toanmne B 20—25 my.
Ofmuno B wysnsrypax mabmopasics 1a06ysspibii pacnajx wnerok. Ilaposnjmic
MaKpoMoneRyJsl obnagann puamerpom B 20—25 mu, T. e. 110 ¢BoMM pasMepam
OTBEYAsN TOJNIMHIC JRTYTHKOB.

2. € 1oMOme0 MeToj@ yALTPAQUILTPATIMI GBI H3MEPCH AMAMETP CaMbiX MEJIKHX
JINTUYECKUX YACTHI[, BCTPCUAIOMMXCA B 3apaskenHoN GaktepuodaroM roMosioTrHunoi
rynerype cragunorokxa. Mx muamerp cocrasaser 40—60 mpu u orpeuacr Tak
naMeTpy roJIoBKH Oartepuodara.

3. IlapoBujubic MAKPOMOJIERYJIBI, U3 KOTOPBIX, LOBHAMMOMY, o0pasyerca B pe-
3YABTATC TMOCTEHNEHHOT0 Pa3BUTHA Gakrepmodar, He 061aMa10T CHOCOHHOCTHIO BbIBDI-
BaTh ofpasoBanue Gaxrepuodara y TOMOJIOTMYHOIO HITaMMa OaKTepyii M Kaue-
CTBEHHO OTJIMHAOTCH 0T OGartepuodara.

(Taba. XVII, XVIII)
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Lysis of Staphylococcal Cells due to Bacteriophage

M. ROSENBERG

Summary

A study was made of lysis of staphylococcal cells produced by bacteriophage.
Flagellate forms of bacteriophage were observed in the electron microscope. The
head measured 50—60 myu in diameter, the tail was 200—250 my in length, with
a thickness of 20—25 mu. Globular disintegration of the cells always appeared in
the cultures. The globular macromolecules measured 20—25 my in diameter and
their dimensions corresponded to the thickness of the tail. The ultrafiltration method
was used to determine the diameter of the smallest lytic particles which appeared
in the same staphylococcal cultures infected with bacteriophage. They measured
40—60 my in diameter, the same as the head of bacteriophage. The globular macro-
molecules from which bacteriophage is probably formed by progressive development,
are not capable of inducing proliferation of bacteriophage on a homologous bacterial
strain and differ form it qualitatively.

(Plates XVII, XVIII)
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JunaMuka pacnaga JIM30TeHHBIX KIETOK IOJ fleiicTBIeM
VAbTpagLoIeTOBHX JIYYei

M. PO3SEHBEPT
Wacturyr ofimeil GHOMOTHI MeANLIUHCKOTO aKYIbTeTa YHrusepcurera B Bpao

ITocmynuao 6 pedaryuio 3 IV 1956

Ob6pasoBanuc Gaxrepmodara B JIM30ICHHBIX KICTKAX BO3MOMHO CTHMYJHIPOBATEH
¢ HOMOIIBIO caMbIX PasHooOpasHbIX Heclennduuecknx Bansanmit. Ouenn dPderTnBHO
vieTpaduoseroBoe obayucune (Jacob 1950, Lwolt n ap. 1950, I'pageunas 1952 u
ap.), B ocoGemHOCTH LpH jiHe BosHsL B 2537 A, motopas cuenuduuccrm agcop-
fupyercsi HYRIEOUPOTCHHOBRIME COCTABHBIMU HacTsaMyl Kietkn. [HogoGunm ofpazom
seiierytor n myun X (Latarjet 1951), ackopbunosas wucsora, rmorarmon (Lwolf,
Siminovitsch 1952) u ap. Bemiectsa.

Hoyx ux sospeiictBuem Gaxrtepnogar B JIM30TeHHLIX KJIETKaX ofpaszyercs He He-
MEIJIeHHO, a 110 HCTCYeHUM olipejlesenHoro nepuoaa gatenmun (Lwoif 1952).

Hpir oTux 1iponeccax upesBsMaiiHO BaKIBIM GAKTOPOM ABIsICTCA (UIHOTOTHUCCKOC
COCTOSIHNE JINBOTCHHEIX KICTOK: B OCTHOIM cpefte APQCKT CTUMYIIANMET Y JIM30TCHHBIX
KiteTor He nabmopaerca (Lwotf 1952).

Crumymmpyronice meiicTBUC HeCUCUNPUUICCKUX WMIYIbCOB Ha o0pazoBaHue M3
JIUBOTCHNLIX KJIeTOK GaKTepnodara umeeT OOIBIIOC TCOPETAUCCKOC 3HAUCHUEC, TAK
KaK 110Ka3pBaCT, 4TO PA3MHO;KeHMe Oaxrepwodara He ;lOJFKHO BBI3HIBATLCA 00sI3a-
TEIABHO TOJBKO cluenn@uueckuM OaxtTepmoaroM H YTO JGIST 3TOIO PA3MHOKCHUS
HCKIIOMUMTEbHO GOJIBIIce 3HATCHHE MMeeT LpeKIe Beero caMa Oakrepuasibhas
RIICTRA.

Ieasbio nameii paGoTol OBIJIO UBYUCHMC PACIANIA 1LOBCPTaBUIMXCSL YIBTpadnoeTo-
BOMY OOJIYUCHMIO JIMBOTCHHEIX KIETOK ¢ TOMOHIBIO (as’oBoro konrpacra (in vivo)
W CpaBHCHUC DTUX HPONCCCOB ¢ QArojdsucoM 4YBCTBUTEIBHOTO MITaMMa OarTepui,
3apaeHHOro 6axTepuodaroM. s WHERIHE YYBCTBUTCIBHBIX KICTOK 11PUMCHSIICS
GaxTeprodar, ofpasyeMblil MCCITEMYEMBIM JIH30TEHABIM INTAMMOM.

Mamepuan u semoduvy

J31s1 onBITOB MCTIOIb30BAJICA THAoTeHHLIN mTamm Staphylococcus aurcus (LS 2), nsonupoBanusiii
B 1951 r. U B TeUeHUe HeCKOIBKUX COTeH Maccaskell mocrosinHo ocraBanmniicsa susorenHsM (Posen-
Oepr ¢ cotpyRHuKRamu 1955a, 6). Ero 4yBCTBUTENBHOCTE K CTHMYJNpYIOIEMY AefiCTBUIO YABTpa-
¢uoseTroBoTo 00JNyYeHNA MokasaHa Ha Tpafuke 1. 5-yacoBas Kyabrypa B OyaboHe o0aydasach
HA paccToAHUM B 50 ¢M ¢ noMolbio 300 W obayuuredid ¢ HUBKUM faBilcHueM. Turp Gaxrepnodara
oTipefielsliIcA Ueped 60 MUH, Tocie 00IyYeHN,

HaGmogenus Hal 06Iy4aBIIMMCH IN30TCHHBM IITAMMOM IPOUBBOAIIIMCH HA IUIACTHHKe arapa,
BaKpHITON MOKPOBHBIM CTEKIBINKOM U B3aKIIOUeHHON B napa}&nm, ITputox M oTTOK MUTaTedbHOM
Cpefibl JIeTaila BO3MOKHBIM NMOJI0CKa QuibrpannonHoit Gymaru. CXema 31oro yerpoiicTBa HpHBO-
nurcs Ha puc. 2. HaGmogenna nponssonauck ¢ noMoimpio gasororo Mukpockona Llaficca. Mukpo-
g&;m c Hpg(l':l;ipaTOM ToMellaJics B 0CoOBI mIKam ¢ aBroMaruyeckoil perymaumed teMmeparypht

+ 0,4 .
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Ilepen Baxm0OYeHMeM MOA IOKPOBHOE CTEKIIHIIKO 5-4acoBaf KYJIbTYpa HAHOCUIACh HA IVIACTUHKY
arapa, CllerKa MpoCYMMNBANach U 06aydasnack B TedeHne 30 CeK. ¢ paccToAHuA B 75 ¢ 300 W ¢ 1o~
MOIIBIO 06IydnTeNsA HUBKOTO AaBineHus. Ilpu takolt sKemosmium Habmofmalock Haubojee CHIBHOS
o0pasoBanne Gaxrepuodara. Kax BusiHo, B oTOM Cilydae ONTUMAIBHAA fo3a OBIA TOpasio MeHblle,
4eM Ip¥ o0iydeHHN KYasTyphl B GyiboHe, TaK KaK 3JeCh He CHABHBAIACH CUIbHOE NOTVIOIEHYE
Irytell UAKOCTbI0. B KOHTPOTIBHOM ONEITE K UyBCTBUTEIBHOMY ITaMMy S 3 npubasaaica 6akrepno-
(ar, uzonupoBaBHHIA M3 AM30TeHHOTo0 wiTamma LS 2,

e

Puc. 2. Cxema mpemapara &IA HaGmofAeHUA

0 5 P P 20 ¢ noMomibio dasoBoro KoHTpacra. 1 - mpoOupka

¢ OynboHOM, 2 - MpUBOAAMAA Cpefy QUIbTPO-

Puc. 1. 3aBUCUMOCTD KOIMUeCTBA BHEIAEMOT0 BasbHaA Gymara, 3 - OpefiMeTHOe CTEKJBIIIKO,

Gakrepnoara ot J08H YIbTpaduUOTIETOBOTO 4 - IOKPOBHOE CTEHJIHINKO, 5 - Kyabrypa Oak-

o6nydenua. Ochb X: DKCHOBWIUA B MUH., OChb Tepuit, 6 - ciolt arapa, 7 - oTBOAAIAA PUILTPO~
Y:rurp B1 cm® . 1, 104, BaabHaA OyMmara, 8 - miacreyiuH.

Pesyasvmamet

Il poyecc pacnada wyscmeumenvroeo wmamma 8 3 nod deiicmeuem 6axmepuogaca,
U30AUPOBAHHO20 U3 Au3ozenno20 wmamma LS 2 (KonmpoavHeiil onvim ).

Becp xon sToro nmsuca mokasaH Ha puc. 3. Ilepsslil cHUMOK 6Bl cleslaH Yepes
10 mun. nocsie npn6apnenna Gakreprodara K 4yBCTBUTEIbHOIT KyIbType. UnTeppas
MeKIY CJeYIOIUMY CHIMKAMH IIPUBOAATCA B TabJIuIe.

Teuenne nusmca orBedaeT JAaHHBIM, IPUBOAMMEIM 00bMHO B JuTepaType (Topley-
Wilson 1947). B mnepselii mepuof, Korga HpPOMCXOAUT afcopbuus GaxTepuodara
YYBCTBUTEIbHBIMH KJICTKaMH, Habilogaercd efle GBICTPOe KJIETOYHOC [CJicHHE 0e3
CKOJIBKO-HUOYb 3aMETHBIX JMTHYECKHX mpomeccoB. Okosno 50-0fi MHHYTH IIOCJIe
npubasienusa Gaxrepuodara KJETOYHOe [eJieHMe IIPeKpaliaeTcd W HauMHACeTCS
TIOCTeNeHHOE YBejnueHue o6BéMaA KIETOK. B 9T0T mepmop, HashBaeMmblii KOHCTAHT-
HEIM, GaKTepuogar emte He BhflesisfAeTcA U3 KIeTOK. MaccoBhlil pacnaj KIeTOK, COTPO-
BOJKIAOIUIiCA OTlelenreM acTul Gakrepuodara, Haaunaerces 0xoJio 80-0if MUHYTBL
U IpoTexaer odeHb OblcTpo. B reuenue 10 Mun. pacnmapaerca GoNBMUHCTBO KICTOK
MuKporosionnu. Hietku, KoTopsle 3a 3TOT Teprox He pacuajgaloTes, IPCACTABIAIOTCH
3HAYMTENbHO pa3byxmumu. OuuM, BePOATHO, TOke NPUINLIM B CONPHUKOCHOBEHME
¢ 6aKTepuoaroM, HO BHYTPHKJIETOYHbIE IIPOLECCH B HUX, HOBAINMOMY, TPOTEKAIOT
HHadYe, TAK KAK Yy HUX He OCyliecTBJIgeTcs HM JIU3MC, HU JeleHHe B TOW cTajuu.
BoamoxHO, 4T0 3T0 — yCTOWUNBEIE KIIETKH, B HEKOTOPHIX CJIy4asX CTAHOBAIIMECH
JM30TEHHBIME, T. €. CIOCOOHBIME, KaK NMPABUIIO, B HOCIeLyOMAX TeHeparmuaX Bhl-

fensATs OarkTepmodara, ¢ KOTOPHM OHM BOINIM B compukocHoBenme (Bail 1925,
Bordet 1925 u mp.).

Pacnad ausoeennozo wmamma LS 2 ¢ pesyavmame yavmpaguoremosozo lobayuerus
Pacman nusorenmnoro mramma craguioxoxka LS 2 mocie ymeTpadmomerosoro
00JtydeHus NOKa3aH Ha puc. 4. [lepBeii cHUMOK Gbun cuenan uepes 20 MuH. ToCIe
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O6IyueHNs, & CIEIYIONME ¢ D-MIUHYTHBIMU 1IIPOMEKYTRaMu. JInTuueckue 1mpoiecent
B OJIHOI W Toil e MUKpoKoJonnK Habmojaiuch B Teucnue 2 vac. Hlyrem anasmsa
HOJIyUeHHBIX HaMi  MAKPoQoTOrpaduii MOKHO yCTAHOBUTH HCCKOABLKO  (aKton.
RomuuecTBo KIETOK, paciafaiomuxes MO JeHCTBUEM YILTPagnodeToBLIX Jiyueit,
y HaImero mraMMa He CIITITKOM BeJINKO, — B 0COOCHHOCTH B CPABHEHHH ¢ KOJIMYECTBOM
KJIeTOK, pacniafalouxes o feficrsueM Gaxrepuodara. s nepsux 40 musiyr niocaie
o0syucunst XapakTepHO 3eMeJICHUe UI JaiKke TPERpanieHue KIeTouHoro JIeICHusA.
ek vBemMvuBalTess B 00t Me OueHbh CKOPO Iocile ofiryuenus. IT0 X0pomo

Puec, 5.

3AMCTHO P UX ¢PABHCHAN ¢ HBICTPO JCTATMMUCH KISTRAMIU, CHATLIMU uepes 120 mun.
nocsae obydennsa. O0b M KICTOK BIUIOTH 10 MOMCHTA pacliajla NocToauio yBeanun-
BacTCa. Y HCKOTOPHIX KIACTOK JIM3KMC fle OCYHICCTBIACTCH, H OHU JLOPACTAIOT WHOTIA
0 THTAHTCKUX pasMepoB. Buinu orMeuensl Kietkn, 005 M KOTOPHIX OLUL BO MHOYO
pas GosbIIe, YeM Y HOPMAJIBHOM KieTiu (prc. 0). AHAIOTHUHOC ABIIGHUC OIUCLIBACT
FPepunk (1949): mocae yavrpadmnonerosoro obmyucunss K. coli poenmu B Buje He-
OOBIKIIOBOHHO IJHNILIX BOMOKOH. Pacirajl kiIeTork OGakTepuil HAIMHACTCA  OROJIO
40-0it MUHYTH B Opojlozkaetess npubansnresso o 80 muuyTh. DTo HabuoacHne
orBeyacT jaHHbM Lwoti-a (1952). Ho Mpl He MOKeM HOATBCPIMTEL TPaBU/ILHOCTH
IPYroro cro HAGHIOMCHUS, a UMEHHO, YTO elle TNepesi PacuajioM KICTRU JCIATCH.
[Ipu camoM MopPOOHOM AMAJIIM3E POCTA MUKPOKOJOHUM HAIICro MTaMMa HU B OJ(HOM
cilydae He YaBajoch OTMETUTH OTUETINBOTO JIeJIeHUA Hepell KIeTOUNBIM PacliaioM.
KoHeuno, B HameM cjyvae OIBITHL JIPOMBBOMIINCE ¢ APYIUM BUjioM OGartepuit
I B HECKOJIBKO MHBIX YyeJoBHAX. B mepuopx Garrepyosnsa y HEKOTOpuIX OGaxrepnii,
KOTOPHIE He TOABEPraioTcs pacnany, HablIofaeTcsa YHic KICTOUHOE JCTCHHe, KoTopoe
uepes 120 MuH. npoTeRaeT yiKe ¢ HOPMAJIBLHOI CKOPOCTBIO. ILJIeTiku uMeoT Takue ke
pasMepsi, Kak ¥ HeoOsydaBmuecd.
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Huckyccua

Ilpn cpaBHenmm GakTepmonm3a NOX NEHCTBHEM YIbTPadMOIIETOBOrO 0OGIydYeHMSA
¢ $aroau3NcOM MOKHO 3aMeTHTH HEeKOTOpoe Iojolue: B 00OHX CIIyYadXx KIIeTOYHOMY
pacmajgy IHpeRmecTBYeT CTajlds, XapPaKTePU3YOIAscA 3aMe[JICHUEM WM Jarke
TpeKpalleHreM KJIeTOYHOTO [eJIeHUud, HO B IePBOM cJIy4ae OHA HPOAOIIKAeTCS OKOJIO
40 mun., a Bo BTopoM — okon0 30 muH. Jlaa 5Toi cragnu XapaKTepHO IpeK/ie BCero
3aMeTHOe yBejuueHWe 00bEMa KJIIeTKY, NPUBOJSAIIEe B KOHIE KOHIOB K KJIGTOYHOMY
pacnany. OueBHIHO, 3TO IEpPHOR MeTaboJMYecKAX M3MeHEHMHd B KIIETKe, 3aKaHYH-
Baomuiica obpasoBaHmeM OakrTepumodara W ero BhIeJIeHHEM BO BHENIHIOI CpPeNy.
B cragum pacmafga mMeioTcs m3BecTHHE PAsNUYUA: IPH HOPaKeHUN GaxTepuodarom
Habiofaercsi ju3uc OONBINOTO KOJIMYECTBA KIIETOK B Te4YeHHEe OYeHb KOTOPKOTO
BpeMeHH, — IpaKTH4ecKu MUEYT 3a 10, — Torma Kak moj meficTBreM yJbTpaduoe-
TOBBIX JIy9edl KJIeTKYM PaclafalorTcs B MEHBINEH CTeNeHN W KOJIbINe: OTHeIbHEIC CIIydan
JIM37CA MOKHO GEIBaeT OTMeTHTH eie deped 100 MunyT mocne obayueHuns, 1. e. 60iee
yeM uepes 60 MuH. mocile Havania JMTHYECKUX IpomeccoB. Bakrtepmodar, Kak Ka-
/eTcd, ropasfo 6ojlee SBHEPIMYHO BHI3BIBAET JIMBHC, YeM yIbTpaduoJIeTOBHE JTydH.
Tem He MeHee aHasmoTHA MeKAY JeficTBAeM GakTeprodara Ha YYBCTBUTEIbHBIE KIIETKI
1 feiicTBHeM YJbTPAdUONETOBRIX JIy4edl Ha JIM30TeHHBIE KIIOTKM BeinKa. BecbMma
BEePOATHO, YTO MPOIECCH, Benyiue B 000UX ciiydaax K ofpasoBanuio 6axrepuodara,
oveHb OuM3KU ApYr K Apyry. HecoMHeHHO, I1aBHYI0 pPoiis B BTHX Ipomeccax Urpaer
faxrepuaibHaA KieTKA, TAK KaK MMIYJLC, BHBHBAKOIIAI BOCHpOU3BefeHHe OaKre-
puodara, MoskeT OHITH COBceM HecHemUQHIECKAM.

Pesome

1. C noMombio $asoBoro MAKPOCKONA HCCIENOBAICS JIA3NC JIM30TeHHOr0 MTaMMa
crapunoroxka LS 2 nocire yasrpaguoseroBoro obnygenuns. [[asa cpasnenus Habmo-
JajicA paclaj 4yBCTBUTEIHHOIO mTaMMa cTadMAOKOKKA S 3 moj BiusgHNEM GaKTepHo-
¢ara, M3OIMPOBAHHOI'O M3 JU30FeHHOro mramMa LS 2.

2. U3 cepun murpodororpadmil odeBEAHO, UTO TeueHHe OaKTepmoimsa B 000HX
cliydadAX BechbMa CXOsKe.

3. O6myuaBmmecsa KileTKH GaKTepuil Ilepef paclajfoM He [edATCA, HO Beerma
3HAYUTENBHO yBeJMunBaloTca B 00BEMe. :

4. JlutudecKue IMpPONMECCH, OTMEYGHHLIE B JIM30TeHHON KYJNbLTYype HOCJe YIbTpa-
¢uoneroBoro o0ydeHNsA, IPOTEKAOT MeJJIeHHee, deM IPOIECCH paclaja YyBCTBH-
TeNIBHBIX KJIeTOK, 3apaKeHHHIX OaKrepmodarom.

(Taba. XIX, XX)
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The Dynamics of the Breaking-down of Lysogenic Cells
Irradiated by Ultra-Violet Light

M. ROSENBERG
Summary

Lysis of a lysogenic staphylococcal strain was observed in the phase microscope
after irradiation with ultra-violet light. For comparison, the breaking-down of the
sensitive staphylococcal strain S 3 was observed, following the action of bacterio-
phage released by the lysogenic strain LS 2. It is evident from the series of micro-
photographs that the course of bacterial lysis is similar in both cases. The bacterial
cells irradiated by ultra-violet light do not divide before being broken down, but
always considerably increase in size. The lytic processes which were observed in the
lysogenic culture following irradiation with ultra-violet light have a slower course
than following the infection of sensitive cells with bacteriophage.

(Plates XIX, XX)
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The Character of Leucocyte Reaction Following X-Irradiation

Z. KARPFEL
Institute of Biophysics, Czechoslovak Academy of Science, Brno

Received April 5, 1956

. After initial leucocytosis in the reaction of the blood to ionizing irradiation has
receded, leucopenia develops as a result of the cytostatic action of the X-rays on the
tissues of the organism. As a result of regeneration processes, the leucocyte level,
after a certain period, returns to normal, the time required for this showing a rela-
tionship to the dose used and the manner of administration, to the functional
condition and individual resistance of the blood-forming organs, alongside other
factors which form a concrete potential for the general capacity to control the
consequences of irradiation sickness.

As far as the initial increase in leucocytes is concerned, most radiohaematologists
are agreed that its occurrence is a characteristic feature after the administration of
high doses of ionizing radiation. On the further course of the post-irradiation leuco-
cyte curve there are altogether three opinions, which are based on experimental
results.

One group of authors describes the regeneration phase following a sudden or gradual maximal

decrease, as being more or less irregular, with frequent fluctuations and a gradual increase in the white
blood components in the surviving animals (Yegorov 1955).

The second group described another phase, within this one—an abortive rise in the leucocytes—
which appears between the second and eleventh day after irradiation (Jacobson et al. 1949 —in experi-
mental animals) or even later (Hempelmann et al. 1952 —in human subjects affected by ionizing rays).

Only a few communications mention that the post-irradiation course of the reaction of the blood is
characterised by a periodic, wave-like form. The first to describe this wave-like characteristic were
Langendorff and Paperitz (1939), on the basis of their observations on the bone marrow and peripheral
blood of irradiated mice. In their series, the minimum and maximum values in the curves are reached
after about 40 days. The rhythm they describe is thus of relatively long duration. Regeneration waves in
haemopoietic tissue were also observed by Bloom and Murray and by Jacobson and Block. Dérer (1953}
observed periodic decreases in leucocytes following X-irradiation of leukaemic patients, with an interval
of approximately six days. A periodic leucocyte reaction was also described by Uher (1952) in his
communication on the time factor in regulation of the blood and by Thalhammer and Janicek (1951)
in their experiments with vitamin D.

The aim of our experiments was to verify the periodic response of the whits blo od
component following irradiation with X-rays and to ascertain the relationship be-
tween this response and the dose used and fractionation of the dose and, finally, t o
study the development of the reaction after irradiation of experimental animals
during narcosis (these latter experiments were carried out by Dr Prasli¢ka).

Methods

The experimental animals were rabbits, Vienna breed, blue-eyed, weighing from 2,000— 3,000 g.
Blood was collected from the ear vein daily, at the same time. The blood picture was studied for two
months after irradiation. All the animals were subjected to total irradiation with a Super-Sanax lamp

211

Approved For Release 2008/04/10 : CIA-RDP80T00246A002900500012-2



Approved For Release 2008/04/10 : CIA-RDP80T00246A002900500012-2

at 180kV, 15mA, F = 50 cm,, filter 1 mm. Al, 0.5 mm. Cu with a feed of 33 r/min. The single doses
were as follows: 200 r (6 animals), 350 r (8) and 800 r (11); on fractionation a total dose of 1100 r was
divided into 11 daily doses of 100 r (10 animals), while the narcotized experimental animals were irra-
diated with a single dose of 350 r (4 animals). The narcotic used was ether, in a concentration which
guaranteed deep narcosis during irradiation; narcosis was also maintained for a further 60 minutes after
the lamp had been switched off. In every group of experimental animals the blood picture of three
control animals was also studied; the initial values before irradiation were determined from eight
specimens.

Results

In our case, the curve showing the leucocyte response to the action of jonizing
radiation results mainly from two antagonistic processes. On the one hand there
is the protracted destructive action of radiation on blood formation, and on the other
manifestations of regeneration. The third possible factor, i.e. changes in the
distribution of blood, does not participate to any appreciable extent in the prolonged
study of changes in the blood, particularly with the method of total irradiation used
by us. In studying blood changes we ascertained when the fluctuations in the
number of leucocytes took place in the time curve, both from the positive and the
negative aspect.

The following findings were made: The incidence of the initial rise in the number
of leucocytes, due to an increase in the number of heterophils, shows a relationship
to the dose used. It occurs mainly on using higher doses. In our series this first
positive deflection was not recorded after 24 hours on using a dose of 200 r. It was,
however, recorded in two cases (out of eight) with a dose of 350 r. and in eight cases
(out of eleven) with a dose of 800 r. On fractionation of the dose the deflection was
not found and in irradiation of narcotized animals with a dose of 350 r, it occurred
once (out of four cases). The peak of the first negative phase is related to the indivi-
duality of the reaction of the various animals and occurs between the second and
fifth day. The maximal decrease occurs most frequently on the third day (509%,)
or on the fourth day (209;). The incidence of the subsequent positive phase varies
still more in the individual animals, its peak being reached between the second and
the twelfth day. It occurs most frequently between the fourth and the sixth day
(70%,). The peak of the following descending phase occurs between the fifth and the
15th day, most frequently between the seventh and the eight day (509,) and then
from the sixth to the 12 day (159,). A later incidence of this descending phase is not
related to the time incidence of the minimum in the previous wave, but follows
retarded commencement of the preceding ascending phase. A further increase again
occurs in the number of leucocytes, which reaches its peak, according to the indi-
vidual cases, between the eighth and the 16th day. With a dose of 200 r, no further
deflections occur. Processes of regeneration evidently predominate over destructive
processes and the white blood picture tends to regain its normal level. With higher
doses (in our case 350 and 800 r) and with fractionation, further deflections often
occur.

It is not possible to speak of any regularity, of a chronologically identical, periodic
incidence of limit values in the number of leucocytes, either maximal or minimal.
The incidence of alternating maximal and minimal values and their time curve tend
rather to give a picture of an irregular sinusoid, in which the length of the individual
waves varies more or less from case to case with the individual animals. On the
basis of our experiments it is impossible to say whether, and how far, the length of
these waves depends on the size of the dose of ionizing radiation. With a dose
of 200 r it appears to be shorter, since the average length of the interval between the
negative deflections is three days and between the positive deflections 4.3 days.
With the other methods of irradiation the average length of the intervals was as
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follows: with 350 r, six days between the minima and 7.1 between the maxima;
with 800 r, six days between the minima (figures were not obtained for the maxima,
since the intervals varied markedly). With fractionated irradiation the average
length of the intervals between the minima was 5.4 days and between the maxima
5.3 days.

As far as the absolute values of the decreases are concerned, it was observed that
the maximal decrease occurred with doses of 200r and 350rin the first negative
phase, i. e. between the second and fifth day. Following irradiation with a dose
of 800r,the lowest negative amplitude was mostly found in one of the following
negative phases and in fractionation of radiation this was always the case.

The results of irradiation in narcosis did not differ basically from the results with
a single administration of the corresponding radiation dose without narcosis.

Discussion

The incidence of the initial rise in the number of heterophils is in agreement with
the data of Jacobson et al., who state that a significant increase takes place in the
heterophils in the peripheral blood of rabbits after doses of 400r and more. This
does not mean that this increase, which often results in a rise in the absolute number
of leucocytes, could not also be manifested in the case of somewhat lower doses
(in our case 350 r), as a result of the different individual reactivity of the experimental
animals.

With a dose of 800 r, an increase in the number of heterophils was found in all
cases. As already stated in the results, in eight cases this led to an increase in the
absolute number of leucocytes. In the remaining three cases, the initial decrease
in the number of lymphocytes was so sharp and occurred so soon that the increased
number of heterophils was unable to equalize the loss in absolute numbers. This is
a frequent result in those types of organisms in which the percentual representation
of the main white blood components (heterophils and lymphocytes) is mainly in
favour of the latter and contrasts with the results in affected human subjects™
(Hempelmann), in whom, especially after high doses, the phase of initial leucycytosis
may be prolonged to as much as seven days. According to Yegorov, the duration of
this phase depends both on the dose and also on the type of nervous system of the
organism, which is responsible for the individual reaction of the blood-forming
tissue. )

In the initial changes in the number of leucocytes, an important part is doubtless
played by the pituitary-suprarenal system. This factor does not, however, serve to
explain the further course of irradiation sickness.

The question of the further trend of the leucocyte curve is a complicated one.
The increase in the number of leucocytes described between the second and the
twelfth day, which follows a negative phase, is identical with what Jacobson et al. and
Hempelmann et al. call the “abortive rise’”’. Bloom and Jacobson associate the
etiology of this rise with the incidence of degenerate, temporary forms, which develop
in the bone marrow, chiefly in the elements of the myeloid series, and are flooded
out into the periphery. Hempelmann tends to take the view that the initial and
abortive increases are a secondary, non-specific reaction to damage to the tissue.
This reaction appears, for example, after burns, in which the “abortive increase”
can be attributed to associated infection. It is certain that the factors of both these
hypotheses can be manifested, but it is problematic whether degenerate blood ele-
ments appear in such large numbers in the corresponding period; on the other hand,
an assoclated infection is not present in all cases in irradiated animals.
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Langendorff and Paperitz, who described long duration of the periodic character
of post-irrradiation leucocyte reaction, analyse the morphology of changes in the
bone marrow and peripheral blood and come to the conclusion that every type of
blood element is characterised by a special wave-like curve of its own. According
to them, the effective factor is the length of the life of the individual elements. They
evaluate their results at intervals of four days and that is why their rhythm has
a prolonged character. Dérer holds the view that the persistent action of cytostatic
substances is a result of irritation of the functional centres for blood regulation by
tissue changes, which in addition reflexly produce synchronisation of the rhythm by
means of which the central nervous system governs the formation and destruction
of the blood elements. The exact periodic reaction described after cytostatic action
in an organism in which the state of the blood formation is not normal, cannot be
verified in normal organisms. Even if one takes the view that the nervous system is
largely responsible for the wave-like character of the post-irradiation leucocyte
reaction, it cannot easily be conceived that impulses proceeding in a regular rhythm
from the central nervous system and possibly caused by a functional modification
of the process of internal inhibition due to radiation, should produce absolute
regularity of the decreases in the leucocytes in the peripheral blood in circumstances
as complex as those which develop following irradiation of the whole organism. This
regularity is no doubt disturbed particularly by the positive deflections in the leuco-
cyte curve, which are caused by adaptation phenomena in the organism, associated
infection and other factors, and also by the short life of several generations of leuco-
cytes following irradiation.

Summary

Following irradiation of rabbits with a single dose of 200, 350 and 800 r, and also
with fractionated irradiation with 1100 r in 11 daily doses of 100 r, alternating
positive and negative deflections occur in the leucocyte curve, which on a graph
take the form of an irregular sinusoid, in which the individual wave lengths range
within considerable limits, according to the individual reactivity of the various
animals. The length of the intervals between the maximal and minimum values in
the trend of the leucocyte curve varies within an average period of four days with
a dose of 200 r and within an average period of about six days with a dose of 350
and 800 r and fractionated radiation of 11 x 100 r.
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Xapaxrep JefKOIUTAPHOI PeaKIINH 0CJe PEHTI'eHOBCKOT0 00JIyYeHust
3. KAPII®EJb

Pesrome

Tocne opgEoKpaTHOTO 06mydenuss kKpoinukos gosamu B 200, 350 n 800 r, a Tarsme
npn PpaKknEOHMpPOBaHHOM cnocobe obiyyesnsa B Tedenne 11 aneit mo 100 r B jeHs,
B JIeKONWTAPHO# KPHBOil HabmojaeTcs depeloBaHME IOJOKUTENBHEIX W OTPHIA-
TeJIbHHX BOJH, KOTOpOe MOKHO HM300pasuTh rpagudecKu B BHJe HENPABUJIBHON
cunyconysl. J[IMHA OTIeIbHBIX BOJH KPUBOM 3HAYNTEIBHO KOJIe0. eTcsi B 3aBUCHMOCTH
OT WHAWBHUAYAJALHOH PEAKTHBHOCTH ;KMBOTHHX. IIpofloxmTensHOCTE HHTEPBAJIOB
MeIy OTHeJbHBIMH MAKCHMYMAMH H OTAEIBHBIMA MUHUMYMaMH JIeHKOIMTAPHOM
KpuBoit KosieGiercs upu fose B 200 r OKOJIO CPeJHEro BPeMeHM B 4 JiHs, a UpPU jo03e
B 350 u 800 r n npu ¢paxnumonnposanHoM obiaydennn 11 pas mo 100 r — oxomno
6 nuei.

ABTOp oTcTamBaeT B3TJIA[, 9TO BOAHOOOPA3HEIL XapaKTep peaknuu Ha ofiyveHde
o6ycioBNUBaeTCA B 3HAYATEIBHON Mepe POJIbI0 HepBHOW cmcrembl. MsBecTHas mpa-
BUJILHOCTb PUTMA MMIYJIECOB, OCPECTBOM KOTOPHIX HMEHTPaJbHas HEPBHAA cucTeMa
ynpapisier o0pasoBaHeM ¥ PAaclajioM 3JTeMEHTOB KPOBH, o0ycIOBIMBAaETCs, BO3-
MO;KHO, (YHKIMOHAJILHHIMA U3MEHEHNAME IPoIecca BHYTPEHHETO TOPMOYKEHMS MOX
nmeiicreueM o6iydenmsa. IIpaBunbpHOCTh KojlebaHMit KoJTMdecTBa JIEHKONUTOB B Tlepy-
depuuecKoil KpoBY HapymaeTcs, TIABHEIM 00pa3oM, KoJleGaHNAMY B IOJIOKUTEILHYIO
CTOPOHY, — KOTOpPble CBA3AHBI ¢ ABJICHUAMH aJallTalMy OPTaHu3Ma, — MONYTHEIMA
uHpeKnuAMY U ApYyruME GaKTOpaMM, a TAKMKe COKpPAIeHWeM IPOJOJIKUTeNbHOCTA
JKU3HE HECKOJIBKMX TeHepanyil JeHKONATOB Mociie 00IIydeHus.
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Sporulation of Bacilli

Consumption of Calcium by the Cells and Decrease in the Proteolytic Activity
of the Medium during Sporulation of Bacillus megatherium

V. VINTER
Institute of Biology, Czechoslovak Academy of Science, Department of Microbiology, Praha

Recetwed May 19, 1956

The transition of the vegetative cells of bacilli into the resting form, spores, is
accompanied by a series of biochemical changes, an analysis of which throws light
on the deeper physiological laws of this process. One of these changes is a sharp
decrease in the proteolytic activity of medium, which takes place under certain
conditions on sporulation of Bac. megatherium.

In the present work a study is made of the influence of calcium and other ions on
this process and on the transition of the calcium from the medium into the sporulat-
ing cells. An investigation was made also of the effect of adding cysteine to the cul-
ture, before sporulation, on the decrease in the proteolytic activity of the medium.

Materials and Methods

Culture: A strain of Bacillus megatherium from the collections of the Institute of Biology of the
Czechoslovak Academy of Science was used.

Nutrient mediuni: Composition — 0.39, casein hydrolysate (Amigen), 0.19, glucose and 0.349
KH,PO,. One mililitre of a concentrated mixture of certain salts and important ions was added to the
medium, composed as follows: 17.4g. K,80,, 12.3g. MgSO, . 7H,0, 0.22g. MnSO,.7 H,0, 2.0 g.
FeSO,.7 H,0, 1.44g. ZnSO,.7H,0, 18.3g. CaCl,.6H,0 to one litre. The proportion of these
salts is similar to that originally suggested by Grelet (1951). Two media were used for culturing —
medium A, in which the precipitate of calcium sulphate and phosphate was filtered off, and medium B,
which was the same as medium A, but enriched by the addition of calcium (10 ml. 5. 10~3 M CaCl,
per litre medium). The pH of the medium was adjusted to 7.2.

Method of inoculation and culturing: The nutrient medium was inoculated with 3 ml. of a suspension of
spores freed after autolysis of the sporangia. The suspension was stored at 5° C. From 90 to 100 ml.
medium was cultured in 500 ml. flasks, on a shaker (96 deflections/min., length of swing 9.8 em.) at 27° C.
The percentage of spores was determined by direct microscopic observation and counting (Vinter 1955).

Determination of degree of turbidity: The degree of turbidity of the culture was determined in the

undiluted solution on a Lumetron colorimeter with a filter of 370 my. Clear supernatant fluid was used
as the control.

Determination of the proteolytic activity of the medium: The supernatant fluid was incubated with
a 1%, solution of caseinwith a pH of 7.0 in a water bath at 37° C. Unless otherwise stated, the length of
incubation was 60 minutes. Two methods were used for determining the intensity of proteolysis—the
Anson method (1938), in the modification of Chaloupka (1955) and a modified biuret test (Slavik and
Smetana 1953). In the case of the first method, the intensity of proteolysis was expressed in amounts
of milliequivalents of freed tyrosine, in the case of the second method in amounts of milligrams of digested
casein.

Staining of the spores: The spores were stained with malachite green and the cells counterstained
with basic fuchsin (Schmidt 1950).
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Determination of the calcium content of the cells: Calcium was determined in the cellular sediment
(300— 400 mg. dry weight), washed with distilled water and 0.01 N HCI, dried and mineralized in a sand
bath with & mixture of HNOzand HClO,. The actual determination was carried out using a flame photo-
meter (VEB Carl Zeiss, Jena, model III).

Results

Decrease in the proteolytic activity of the medium during sporulation
of B. megatherium

Both on media A and B there ig a rapid decrease in the proteolytic activity of the
medium on sporulation to very low values (fig 1). The curve of the decrease is
steepest at the period of mass formation of the spores (fig. 2).

The course of the decrease in the proteolytic activity of the medium differs in the
culture and in the supernatant fluid, whether shaking is continued or whether the
medium is left at rest. The following procedure was used: two thirds of the contents
were removed from the culturing flasks under sterile conditions; they were centri-
fuged and the remaining third was left in the flask on the shaker. Half the supernatant
fluid was placed in a sterile flask of the same size and put on the shaker, while the
other half was left at rest at a temperature of 27° C. Proteolytic activity was deter-
mined in all three parallel specimens, immediately and after three hours. Sporulation
was confirmed by calculating the percentage of spores in the culture on collection
(tab. 1). In a culture in which sporulation had not yet commenced (12 to 12 15 hours
culturing), proteolytic activity decreased in the culture after three hours to very low
values, as usual; in the supernatant fluid on the shaker it decreased only slightly or
even showed an increase, and in the supernatant fluid at rest it showed an evident
increase. In the specimen taken at the commencement of sporulation (up to 109,
spores), there was a normal decrease in the culture and usually a slight decrease in
the supernatant fluid, whether on the shaker or at rest. In the flasks in which mass
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Fig. 1. Relative proteolytic activity in the course Fig. 2. Relative proteolytic activity of medium
of culturing B. megatherium. z - axis: age of during sporulation of culture. x - axis: age of
culture in hours, y - axis: mg. digested casein per culture in hours, ¥y - axis: left — mg digested
unit turbidity. Commencement of sporulation cagein per uuit turbidity ———— — , right—9

denoted by arrow. of spores in culture — — — —.

sporulation had begun, the difference between inactivation of the supernatant fluid
left at rest and the supernatant fluid on the shaker gradually increased. Although
there were considerable differences between the values in the individual flasks, this
general tendency is quite evident.
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Table 1. Properties of superratant fluid taken before and during sporulation. All specimens were incu-

bated for 30 minutes. Proteolytic activity is expressed in a.1074 milliequivalents of tyrosine; the values

in the col. headed “After 3hours” gives the increase or decrease in proteolytic activity as a percentage;
proteolytic activity in the supernatant fluid immediately after collection = 100%/,

0/ of sporesincul- | Proteolytic activity Afper 3 hours
ture at moment of | immediately after Supernatant on
collection collection Supernatant at re <haker at 27°C Culture
Before sporulation
(age of culture
12 hours) 92.00 + 14.68 — 17.00 - -98.37
Before sporulation
(age of culture
121/, hrs.) 94.50 -+ 28.20 + 10.10 —-98.42
3.5 97.00 — 26.30 — 28.90 99.13
4.2 128.00 — 11.70 — 21.50 -—99.34
4.5 130.00 — 23.10 — 27.00 --99.39
5.0 115.00 - 8.70 — 20.90 ——99.44
7.8 76.00 0 — 5.29 --98.95
9.4 71.50 — 4.20 — 13.30 99.17
12.2 91.00 — 4.94 — 30.77 -- 98.69
14.5 89.00 -- 16.86 — 47.75 — 98.32
29.2 22.65 4+ 2.70 - 20.51 - 98.02
29.5 82.50 — 12.74 — 16.40 — 99.04
48.7 5.75 0 — 47.83 -~ 98.61
48.9 : 31.35 4+ 5.40 — 86.43 - 97.29

Table 2. Determination of the presence of an inhibitor in the supernatant fluid from a sporulating
culture. This supernatant fluid is denoted in the table as “Inhibitor”. A supernatant fluid from a cul-
ture of different age is used as ‘“Enzyme”. Proteolytic activity is expressed in miliequivalents of freed
tyrosine. 10-%. Incubation: 30 mins. Values: above — activity immediately after mixing: below — after
standing for three hours at 27 °C.

% of spores in Proteolytic activity
culture at mo- | Age of culture from
ment of collecting| which supernatant i I
“inhibitor””  fluid with ‘“enzyme”’| “Enzyme” diluted | “Inhibitor”’ diluted | Mixture of same
supernatant activity collected with same vol. with same vol. vols. “enzyme’’ and
flluid of water water “inhibitor<.
! —
44.00 1.35 47.00
o, o
62.8% 9 hus. 40.00 2.05 42.25
= 29.75 .20 34.60
5.99/ 1 5
65-9% 7% hrs. 27.10 2.0 29.00
40.75 1.65 43.60
=080
706% 9 hrs. 36.25 1.70 39.40
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In a further experiment, the possibility of the production of inhibitors of protease
during sporulation was tested. The supernatant fluid from a culture 6.5 to 9 hours
old, in which it had been demonstrated that proteolytic activity would not change
for three hours at rest at a temperature of 27° C, was diluted with supernatant fluid
taken in the course of sporulation. Both supernatant fluids were diluted with the
same volume of water and the sum of the proteolytic activity of these specimens
was compared with the activity of a mixture of the same volumes of both superna-
tant fluids. The culture fluid was collected in the course of sporulation at the moment
when proteolytic activity was very low. If an inhibitor were present in this super-
natant fluid in an effective form, then the reaction between this inhibitor and the
active enzyme would result in a decrease in the activity of the mixture. In actual
fact, no decrease in activity occurred; on the contrary, there was usually a slight
increase, which was equalized after three hours’ interaction at 270 C (tab. 2).

Effect of the addition of certain ions on the decrease in the proteolytic
activity of the medium.

All the ions named below were added after 12 hours’ culturing, i. e. about 1—2
hours before sporulation commenced. Culturing was carried out on an A medium.

The addition of calcium ions in a concentration of 5.1073M, which proved the
optimal concentration for stability of proteases of actinomyces (Chaloupka 1955)
prevents a decrease in the proteolytic activity of the medium, while the course of
sporulation remains normal. The calcium was added in the form of a solution of
CaCl,. A ten times smaller concentration of Ca - ions, 5.1074M, also prevents adecrease
(fig. 3). A lower concentration of calcium in the medium (5.1075M) only delays
the commencement of the decrease in proteolytic activity, while a concentration
of 5. 1076M has no influence on it (tab. 3).

Table 3. Influence of the addition of calcium in lower concentrations on the decrease in proteolytic
activity of the medium. Proteolytic activity expressed in mg. casein digested in 30 mins.

Age of culture
Sample

12 hrs 14 hrs. | 16 hrs.

Control (with Prot. act. 28.3 1.2 0.3
added H,0) Sporulation 0% 66.8% 81.3%

Ca lons added in Prot. act. 26.2 26.8 0.6
5.10-5 M Sporulation 0% 37.7% 85.2%

5.10-8 M Prot. act. 24.0 0.5 0.6
: Sporulation 09, 67.99, 85.99,

Mg ions, which are known to have a mildly stabilizing effect on bacterial proteases
(Gorini 1950) when added to the culture in the form of MgSO, (concentration
5.10~¢M) had only a weak stabilizing influence. The addition of Mn' ions, which,
according to the data in the literature, are necessary in the presporulation period
in Bac. subtilis (Weinberg 1955) and, according to other data, activate proteases
of Bac. megatherium (Levinson and Sevag 1954), had no influence, with media of
our composition, either on proteolytic activity or on sporulation.
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Influence of the addition of calcium ions on the stability of proteases in the
supernatant fluid.

The supernatant fluid was collected in the period of advanced sporulation and was
divided between two flasks. Calcium was added to one of these in a concentration
of 5.107*M and the same amount of distilled water to the other; both flasks were
then shaken at 299 C. In the flask to which calcium had been added, the decrease
which took place in the proteolytic activity of the supernatant fluid during shaking
was considerably less than in the flask containing no calcium (fig 4). The calcium
therefore clearly increased the stability of the proteases in the supernatant fluid
against shaking.

The addition of Ca ions to the specimens
of supernatant fluid collected in the course
of sporulation does not lead to an increase in
proteolytic activity as compared with the
controls with H,O.
~ R —
N\ Vi 180
\ 77 3
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N
\, // 2 160
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Fig. 3. Influence of addition of Ca ions to culture Fig. 4. Influence of Ca-- ions on stability
before sporulation on further proteolytic activity. « - of enzymes in supernatant fluid taken in
axis: age of culture in hours, y - axis: left—proteolytic period of advanced sporulation (29.69,
activity in mg. casein digested in 30 mins., right—9, spores). x - axis: duration of shaking of
of spores in culture. 1----.-- Proteolytic activity in supernatant fluid on shaker at 29°C, in
culture with added HyO. 2 —.—.—.— 9 of spores in hours; y - axis: proteolytic activity in mg.
culture with added H,0. 3 Proteolytic activity casein digested in 30 mins. 1 — — — —
in culture with added Ca: ions. 4 — — — — 9/ of spores Supernatant fluid with added Ca ions
in culture with added Ca:* ions. 2 Supernatant fluid with added H,O.

Uptake of calcium from the medium into the sporulating cells

The calcium content of the cells before and after sporulation was determined by
means of spectrochemical analysis. On the A medium, the calcium content of the
cells increased during sporulation from 0.0119, to 0.0419,. The addition of 2 mg.
calcium per 1 litre medium (B medium) resulted in a considerable increase in the
differences in the calcium content before and after sporulation, but was not sufficient
to maintain stability of the proteolytic enzymes in the medium during sporulation.
The association between the decrease in proteolytic activity and exhaustion of the
calcium from the medium was thus maintained.

Spectrochemical analysis showed that between the 12th and 15th hour of cultur-
ing, i.e. in the period when the spores are being formed, a considerable increase
took place in the calcium content of the cells (fig. 5). The spores formed in the cells at

220

Approved For Release 2008/04/10 : CIA-RDP80T00246A002900500012-2



Approved For Release 2008/04/10 : CIA-RDP80T00246A002900500012-2

this period have all the appearance of spores, but they are still immature and do not
yet possess the property of retaining a stain on decoloration. This property is ac-
quired only after further hours of culturing. '

When calcium was added before sporulation in considerably higher concentrations,
no increase occurred in the calcium content of the cells which completed sporulation,
with concentrations higher than 5.1074M (fig. 6).
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Fig. 5. Consumption of calcium by sporulating
cells and influence of this process on proteolytic
activity of medium. x - axis: age of culture in
hours, y - axis: calcium content of cells in %,
of dry weight. 1 Calcium content of

Fig. 6. Calcium content of cells completing
sporulation in presence of varying concentra-
tions of calcium. z - axis: concentration of Ca
added after 12 hours culturing (10 ml. to 90 ml.
culture). y - axis: calcium content of fully

cells in 9 of dry weight. 2 — — — — — Prot. sporulated cells (17 hours culturing) in9%, of
activity in mg. casein digested in 30] mins. dry weight.
8 —.—.—.—.— 9 of spores.

Influence of the addition of cysteine to the culture before sporulation on the proteo-
lytic activity of the medium and on sporulation

After 12 hours’ culturing, 10 ml. 0.01 M 1-cysteine solution (pH 7.0) were added
to flasks containing 90 ml. A medium, so that the final concentration of the cysteine
in the culture was 0.001 M. Proteolytic activity was determined immediately after
mixing and further after two and four hours’ shaking. In the control flasks, 10 ml.
distilled water was added and the determination carried out in the same way as for
the actual specimens. In the intervals, the state of the cells in the culture was also
controlled microscopically. Whereas in the control flasks, to which water had been

Table 4. Influence of the addition of cysteine to the culture before sporulation on the proteolytic activity
of the medium and on sporulation of B. megatherium, Concentration of cysteine in the culture 1.1073M.
Proteolytic activity expressed in mg. digested casein.

12 hrs. (immed. after

P 14 hrs. 16 hrs.
mixing)

Prot. act. | Sporulation [Prot. act. | Sporulation [Prot. act. | Sporulation

Control (with 10 ml.

water added) 20.40 0 2.60 53.1% 2.50 89.3 %
Specimen (with cysteine
solution added) 19.30 0 17.00 0 16.50 0
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added, the usual decrease in proteolytic activity and normal sporulation took place,
in the flasks containing cysteine, no decrease occurred in proteolytic activity and
no spores were formed during the four hours (tab. 4). Similar results were obtained
on adding cysteine in a 10 times weaker solution, when the final concentration in

100
%

\ e 60
10 \

7
x 0

\
e \ 20

Fig. 7. Influnece of the addition of cysteine to
culture before sporulation on proteolytic activity of
the medium and on sporulation of B. megatherium
(concentration of cysteine 1.10—4M). x - axis: age of

the medium after mixing was 0.0001 M
(fig. 7). The only difference was that
during the first two hours about 29
roundish, less shiny spores were formed.
By the end of the fourth hour they had
not increased in number.

We also influenced the supernatant
fluid from cultures of varying ages by
I-cysteine solution. Tab. 5 shows the
values of proteolytic activity of super-
natant fluids from 7, 13 and 14.5-hour-
old cultures, immediately after adding
water or a solution of cysteine in
varying concentrations. The table shows
that in a supernatant fluid taken during
vegetative growth of the culture, cy-

steine brought about only a slight

culture in hours: y - axis: left —mg. digested casein

(flasks with water added — — — — — Sfasks with ~ decrease in activity; in a supernatant
cysteine ), right — 9, of sporesin culture(flasks  fluid taken after a decrease in proteo-
with water—.—.—.—, flasks with cysteine .......... )- lyti(} activity, the values remained too

low for accurate estimation.

Cysteine was also added to supernatant fluid taken in the course of sporulation and
its influence determined after further shaking. The whole supernatant fluid was
equally divided between two 500 ml. flasks, to one of which cysteine was added and
to the other distilled water. Proteolytic activity was determined immediately and
after a certain period of shaking. The supernatant fluids were diluted so that the
final concentration of the cysteine was 1.1074M (tab. 6). The results show that the
decrease in the proteolytic activity of the medium during shaking is almost the
same in the mixture containing the cysteine and in the control containing water and
that in this case the cysteine exerted no ‘“‘protective influence’.

Table 5. Influence of cysteine on proteolytic activity of supernatant fluid from 7,13 and 14.5 hours o f
culturing. Proteolytic activity expressed in mg. casein digested in one hour. Values in brackets represent.
proteolytic activity of supernatant fluid after being diluted with water.

Proteolytic activity of supernatant fluid with varying
Age of culture from which super- concentrations of cysteine
natant fiuid was taken
5 > 1078 3 x 1073 1 x 1073
7 hrs. 13.70 14.70 15.00
(14.90) (15.00) (15.20)
13 hrs. 8.90 10.00 10.36
(10.50) (11.10) (10.50)
14 1/2 hrs. 1.20 — 1.20
(65%/, spores) (0.90) (0.80)

222

Approved For Release 2008/04/10 : CIA-RDP80T00246A002900500012-2




Approved For Release 2008/04/10 : CIA-RDP80T00246A002900500012-2

Table 6. Influence of cysteine (1.107¢ M) on activity of supernatant fluid containing proteases labilized
on sporulation, shaken at 27° C.

0/, of sporu Period of Proteolytic activity in mg. casein digested in 1 hr.

o - .

lation Sirlf:rr;g Immed. after mixing ‘ After shaking

Water | Cysteine l Water Cysteine
11.5 6 37.00 36.80 28.00 29.50
13.8 6 52.00 51.00 34.80 34.00
42.0 3 16.70 17.70 3.00 5.60
Discussion

From the data in the literature we know that certain ions and salts are necessary
for the sporulation process in bacilli and clostridia (Curran and Evans 1954, Fabian
and Bryan 1933, Foster and Heiligman 1949, Charney, Fisher and Hegarty 1951,
Grelet 1952a, 1952b, Knaysi 1945, Leifson 1931, Weinberg 1955) and also for the
activity and stability of bacterial proteases (Gorini, Fromageot 1949, Gorini 1950,
Gorini and Crevier 1951, Levinson and Sevag 1954). The present work aimed at
ascertaining whether, in Bac. megatherium, certain ions necessary for the stability
or activity of proteolytic enzymes were not exhausted from the medium before or
during sporulation.

The results of the experiments show that in the presence of a small amount of
calcium in the medium an associatién is displayed between sporulation and the
state of the proteolytic enzymes in the medium. If the concentration of calcium in
the nutrient medium is higher than that required by the sporulating cells, this
association is not seen. The question arises as to whether the small calcium content
in the A and B medium used by us was not the cause of the lability of the proteolytic
enzymes throughout the whole period of culturing and not only during sporulation
and whether the decrease in proteolytic activity during sporulation was not only
the result of the termination of the production of proteases. In that case the high
proteolytic activity in the culture before sporulation would have been due only to the
continuous renewal of the level of the enzyme in the medium, in replacement of the
denatured molecules of the enzyme. This possibility is suppressed by the following
findings:

1) Sensitivity of the proteases to shaking is not noticeably increased until during
the actual sporulation process.

2) The decrease in proteolytic activity is far more rapid in the presence of sporu-
lating cells than in the shaken supernatant fluid.

3) The considerable increase in calcium in the cells during sporulation on the
B medium is evidence that up to the time of sporulation, this amount of calcium
was ‘“‘available” for the stability of the proteolytic enzymes in the medium.

4) The interruption of the sporulation or presporulation mechanism by cysteine
results in high proteolytic activity being maintained in the medium, even the A me-
dium. ‘

It is also known from the literature that the spores of bacilli contain more calcium
than vegetative cells and the ability to accumulate calcium is mentioned in asso-
ciation with the thermoresistance of spores which have developed (Curran, Brun-
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stetter and Myers 1943, Sugiyama 1951, Grelet 1950, 1952, Powell 1953, Tinelli 1955a,
1955b). Our work shows that the uptake of calcium occurs during formation of the
spores and that this exhaustion of calcium may lead to significant changes in the
medium.

From the data in the literature it is also known that a number of proteases require
the SH group for functioning. The results of our experiments show that in this case
the cysteine does not act on the proteases but on the actual sporulation process.

Summary

1) In the course of the sporulation of Bacillus megatherium a sharp decrease can
take place in the proteolytic activity of the medium to negligible values.

2) The decrease in the proteolytic activity of the medium on sporulation is not
due to the production of an inhibitor by the cells into the culture medium.

3) In a medium deficient in calcium, an increase occurs during sporulation in the
sensitivity of the proteolytic enzymes in the medium to shaking.

4) The proteolytic enzymes produced during vegetative growth and after it has
ended, require calcium to maintain their stability. A decrease in proteolytic activity
in a calcium-deficient medium can be prevented by the addition of an excess of Ca'
ions to the culture before sporulation.

5) Spectrochemical analysis showed that after the formation of young spores, the
cells of Bac. megatherium contained several times more calcium than the vegetative
cells before the commencement of sporulation.

6) A decrease in proteolytic activity takes place during sporulation of Bae.
megatherium in a nutrient medium which does not contain more caleium than is
required by the cells for the formation of the spores.

7. The addition of cysteine to the culture before sporulation (concentration
1.107¢M) destroys the ability of the cells to form spores and prevents a decrease
in the proteolytic activity of the medium.

8. A concentration of cysteine of 1.107:M does not prevent a decrease in the
proteolytic activity of supernatant fluid taken in the period of advanced sporulation
and shaken on a shaker at 27> C. Nor does cysteine increase the proteolytic activity
of the supernatant fluid at rest.
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Croopoob6pasoBanue Oaruint

Tlepexon KaibIus B KJIETKM M TajeHue TPOTEOJNTHUECKOH aKTHBHOCTH CPEBl NP
cnopooGpasosanuu Bacillus megatherium

B. BUHTEP

Pesome

Mpbt wyasTmBupoBann mramM Bacillus megatherium ma Kavanke B nuTaTeabHOM
cpefie ¢ THAPOJIM3ATOM Ka3enHA U ¢ HeOOJBIINM COJEDKAHMEeM KaJbIlufd. JTOT MTaMM
BHIZleJIsJL B cpejly 3HavnTeIbHEe KOJIAYecTBa IpoTeas. B nponecce cnopoobpasosanns
HabJIolaeTcA Pe3Koe CHUKEHNe IIPOTEeONIUTHYeCKOH AKTMBHOCTH CPeABl — BOJIOTh
O CaMHIX HEe3HAYATENLHBIX BEJINYWH. JTO CHHKeHHe He 00YCIOBJIEHO BHIIGICHHEM
KJIeTKAMI B KYJIbTHBALMOHHYIO Cpey WHTHGHTOpA.

IIporeonutnyeckne sH3NMEL, BH/ejsAeMble B cpelly B TedeHUE BETeTATUBHOIO PoCTa
1 1I0CJIe eT0 OKOHYAHUSA, IJIA CBOH YCTOMYMBOCTA HYRAAIOTCA B Kanbuuu. C MoMoImb0
CIIEKTPAJIbHOTO aHAJIM3a MBI YCTAHOBMIIM, YTO 1OCje 00pasoBaHnsa cnop kaeTkn Bac.
megatherium cogepskar B HeckoibKO pa3 OoybINe KallbIUA, 4YeM BereTaTUBHEIC
KJGTKH Tepel HadaJioM CIOopoofpasoBaHuA. JTOT NepeXoj KajplMA B KIETKH
B TeueHde Npornecca 06pa3oBaHns cnop B GeHOH KalbllieM cpefie BHI3BIBAET Nabuiib-
HOCTH TIPOTEOJINTHYECKIX SH3UMOB CPeJB, IPOABIAMYIOCH B TedeHne cTopoobpaso-
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BaHHA IIOCTENICHHBIM IOBHIMICHHEM YYBCTBUTCJBHOCTH TIPOTEas HO  OTHOINCHHIO
K BCTPAXHBAHMIO Ha Kavaske npu 27 C. Ipexyupenuts cumskenne npoTeomnTuuecioil
AKTHBHOCTH B 0e/(HOIl KaJIbIMeM CPefie MOKHO 1IyTeM NPUOABICHUS B KYILTYPY Hepei
HAYAI0M cHopoobpasopanna n3deTka moroB Ca . [logoGupiM obpaszom, npnbapiss
JOTOTHUTEITEHO UB0BITOK KAIIBIIA, MOASHO CTA0MAN3NPOBATEH MPOTEAHl CyTICpHATAHT-
HOI JKUJKOCTH, B3ATOH B MEPHOX PAasBePHYTON CLOPYIAHMMM M ANCKO 3aINCHLICH
aabuapHOCTH Tipoteas. TawkuMm 00pasoM, majcHHe HPOTCONUTHYCCKON AKTHBHOCTH
npu crmopoofpaszoBannn HabIoaeTcs B TAKOH NMUTATCILHOI CPejie, KOTOpas cojiep-
JKAT He 0OJIbINE KAJIBIWA, YeM CKOIBKO TPe0yercs At oGpasoBaHus CLOp.

Ilepexon kanbmus B cuopooGpasyiomye KICTKH NPOTCKACT B MEPHO, KOLJA
BOBHIKAIOT MOJIOJble CIODHI, O0Jafamwliye yjke ONTUYCCKUMH cBOICTBAMM CIIOp,
HO OTVIMYAIOINUECH OT 3PEJIHIX CHOP IO CBOCH OKpPAmWuBaeMOCTH,

HMazee B paGote ormchiBaeTcs BisHIC TPHOABICHNS B KYJABTYPY Lepef CIOPO-
ofpasopaHueM IUCTCMHA HA CHIREHUE MPOTEOTUTHYCCKON AKTUBHOCTH CPCB W Ha
cnopooGpazosanue Bac. megatherium. B woumentpannm 1.1073 uw 1.107¢ M
TUCTeMH HAPYIALT CHOCOOHOCTH KAGTOK K 06pa3oBaHWIo CIOP W HOJTHOCTBIO MOJAB-
JIACT CHIKEHNC TTPOTEOJIMTUYCCKOM akTUBHOCTH cpefisl. DaKT, uTo HUCTCHH ReHeTBYCT
Ha CNOCOOHOCTD KIICTOK K CIOpPO0GPa30BAHNIO, TIOATRCP/KIACTCS W TCM, UTO IMCTCHH
HC UPenATcTBYeT CHIIKEHMIO LPOTCONUTHUCCKOI aKTHUBHOCTH CVIICPHATAHTHON K-
KOCTH, B3SATOM B 1ICPUON PA3BEPHYTOI CHOPYISANMM U BCTPAXHBACMOI Ha Kaualike
npu 27 ¢C, ¥ He BIMSCT HA LUPOTEOIATHUECKYIO AKTHRHOCT CYICpPHATAHTHON JRAJL-
KOCTH U IIPH ee XPAaHCHUH B 1I0KOC.
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If a fluid culture or extract of a culture of Aspergillus niger is incubated with
maltose, certain oligosaccharides are formed in addition to the hydrolysis of maltose
(Pan, Andreasen and Kolachov 1950, 1951). The containing of a 1.6-glucopyranose
bond is characteristic for these substances (panose, isomaltose). In addition, there
are usually also traces of maltotriose (Burger and Beran 1956, a ,b).

There are still too few facts available to be able to say by what mechanism these
products develop. The solution of this problem is important for several basic questions
connected with the interaction of the substrate with the enzyme in the hydrolysis
of poly- and oligosaccharides.

It is now known that the formation of these oligosaccharides takes place through
transglucosidation, i. e. by transferring the glucose residue from maltose or starch
to the corresponding acceptor (maltose, glucose ete.) (Pan, Nicholson and Kolachov
1952). It is interesting that in the experiments of Pan et al., the series of oligo-
saccharides, apart from maltose, did not act as substrate for the formation of iso-
maltose or the higher oligosaccharides with a 1.6-glucopyranose bond (Pan, Nichol-
son, Kolachov 1952).

The aim of the present work was to ascertain whether reducing oligosaccharides
with a 1.6-glucopyranose link are formed from certain substances after incubation
of short and long duration with a preparation of Aspergillus niger.

Methods

Enzymatic preparations used. An enzymatic preparation from a culture of the fungus Aspergillus niger
wag used for the experiments. The preparation of the cultures on bran and the extraction of the enzymes
from these cultures has already been described in a previous communication (Burger and Beran 1956a).
The characteristic property of this preparation is that it has a high maltose activity.

Working method. Incubation of the individual substrates by the enzymatic preparation was carried
out for 75 minutes and 18 hours at 30° C. The total volume of the incubated mixture was 1 ml. and con-
tained 39, enzyme solution, an acetate buffer in a final concentration of 6.5.1072 M and with a pH
of 4.5 and in some cases glucose in a final concentration of 0.39%,. The glucose was added to the substrate
as a possible acceptor. In order to prevent growth taking place during incubation, a few droyps of toluene
were added to the mixture, Enzymatic activity was arrested by placir g the test-tube in a bath of boiling
water for five minutes. Of the specimens, 20 ul. was dripped on to Whatman 1 chromatographic paper.

Analytical Methods. The incubation products were ascertained by the chromatographic method of
Greene and Stone (Green and Stone 1952) with our own modification (Burger and Beran). A sample
of maltose from incubation with an enzymatic preparation of A. niger was taken as standard. The com-
position of the sugars of the sample is known (Burger and Beran 1956 b).
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Results
Action of the Enzymatic Preparation on Various Oligosaccharides

Fig. 1. gives a chromatographic analysis of the products produced after 75 min-
utes’ incubation of the enzymatic preparation with maltose, saccharose, lactose,
raffinose and cellobiose. During this period hydrolysis of these substrates took place
to varying degrees. In the case of raffinose, it could be seen that the breaking-down
of fructose takes place with greater intensity than hydrolysis of melibiose. A spot
of raffinose and saccharose appeared on the paper obviously after hydrolysis of these
sugars, during development of the chromatogram. In the case of maltose, the form-
ation of panose and isomaltose is evident, in the case of cellobiose the formation
of isomaltose could be seen and also of another product, which was situated on the
paper between maltotriose and panose. In the case of the other oligosaccharides no
reducing sugar was produced. Since, with the method used for developing the chro-
matogram, lactose is situated in the same place as isomaltose, it can be stated that
this oligosaccharide does not form higher reducing oligosaccharides.

Fig. 2 shows the situation after 18 hours’ incubation. Maltose and cellobiose were
by now virtually completely hydrolysed. Panose and an unidentified oligosaccharide
which developed from cellobiose had also been broken down and only isomaltose
remained. Not even after this period did raffinose (or melibiose), lactose and saccha-
rose produce reducing oligosaccharides with a 1.6-glucopyranose link similar to those
which developed from maltose.

The chromatogram further shows that from maltose and cellobiose traces of oligo-
saccharides developed, which were situated on the paper between maltose (or cello-
biose) and isomaltose. These are probably oligosaccharides with a bond other than
1.4- or 1.6-glucopyranose and they still remain to be identified.

As far as raffinose, lactose and saccharose are concerned, our findings confirm
those of Pan et al. (Pan, Nicholson and Kolachov 1952), who also found no reducing
oligosaccharides after incubation of a fluid culture of A. niger with the sugars named
above. As regards cellobiose, our findings are at variance with those of the authors
mentioned, who found no oligosaccharides after the incubation of cellobiose with
a fluid culture of A. niger (Pan, Nicholson and Kolachov 1952).

Fig. 3 gives results following the incubation of trehalose (x-D-glucopyranosyl-,
«-D-glucopyranose) with an enzymatic preparation of A. niger.

With this oligosaccharide also there was no formation of a new product apart
from glucose. As is seen from the illustration, trehalose gives a spot between maltose
and isomaltose. As a non-reducing oligosaccharide it completely reduced silver
following preliminary hydrolysis on paper during development of the chromatogram.
Fig. 3 shows that even after 18 hours trehalose was hydrolysed only to a small
degree. The traces of fructose and pentoses on the chromatogram are from the
enzymatic preparation. .

Action of the Enzymatic Preparation on Some Heterosaccharides

Further experiments dealt with the action of an enzymatic preparation of A. niger
on methyl-x-D-glucose, methyl-x-D-mannose and glucose-1-phosphate. The results
are given in figs. 4 and 5.

As shown in fig. 4, the results are similar to those in the previous experiments.
Hydrolysis of methyl-glucose occurred within 18 hours, but even after this period
oligosaccharides were not formed. Fig. 4 also shows that only traces of methyl-
mannose were hydrolysed.
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Fig. 3. The Action of an Enzymatic Preparation of A. niger on Trehalose. S; = specimen of trehalose,
a = trehalose with glucose after 75 minutes’ incubation, b = trehalose after 75 minutes’ incubation,

¢ = trehalose with glusoce after 18 hours’ incubation, d = trehalose after 18 hours’ incubation, G =
glucose, M = maltose, T = trehalose, IM = isomaltose, P = panose.

Fig. 4. The action of an Enzymatic Preparation of A. niger on Methylmannose and Methylglucose.

S, = specimen of methylmannose, MM = methylmannose, MM -+ G = methylmannose with glucose,

S; = specimen of methylglucose, MG = methylglucose, MG 4 G = methylglucose with glucose, Ma =
mannose, G = glucose, M = maltose, IM = isomaltose, P = panose.

Similar results were also obtained on the incubation of glucose-l-phosphate with
an enzymatic preparation (Fig. 5). Not even after 18 hours was any new product
formed, apart from glucose. Even hydrolysis of glucose-1-phosphate was not complete
under our experimental conditions.

Action of the Enzymatic Preparation on Glucose

In the previous experiments a study was made of the transfer of the glucose radical
from holo- or heterosides to a carbohydrate acceptor.

Further experiments aimed at ascertaining whether direct synthesis of the oligo-
saccharides mentioned above takes place. Since it was assumed that possible synthesis
would take place as a reversal of the hydrolytic process, the experimental condi-
tions were adapted in such a way that the synthetic reaction could take place as far as
possible. For this purpose the active concentration of water was reduced by adding
an excess amount of glucose or by adding glycerin to the mixture. The final con-
centration of glucose was 5, 10, 30, 40, 50 and 609%,. The glucose was therefore both
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substrate and acceptor ir. the mixture and, in excess concentrations, it also absorbed
water from the mixture. Otherwise the conditions of incubation were the same as
in the previous experiments. The results after 18 hours are given in fig. 6 and 7.

m

’
.
|

a b ¢ S d e f S

Fig. 5. The Action of an Enzymatic Preparation of A. niger on Glucose-1-Phosphate a = glucose-1-

phosphate after 756 minutes’ incubation, b = glucose-l-phosphate with glucose after 75 minutes’ incu-

bation, ¢ = enzymatic preparation after 75 minutes’ incubation, S, = specimen of glucose-1-phosphate,

= glucose-1-phosphate after 18 hours’ incubation, e = glucose.l-phosphate with glucose after 18 hours’
incubation, f = enzymatic preparation after 18 hours’ incubation.

Fig. 6 shows that under our experimental conditions, synthesis of two oligo-
saccharides from glucose occurred, viz. maltose and isomaltose. It should be noted
that whereas maltose was formed only in the presence of higher concentrations of
glucose (from 309%), isomaltose was already formed when only 5 and 109, glucose
was present in the mixture.

After 150 minutes’ incubation, the chromatogram presented a similar picture to
that after 18 hours, the only difference being that the amount of products formed
was smaller.

Fig. 7 shows, in addition to the incubated mixtures, control glucose solutions
in the same concentrations as in the mixture. Fig. 7 therefore shows that the oligo-
saccharides which developed were formed by enzymatic synthesis and were not
present in the specimens of glucose in the form of impurities.

Discussion

In the previous work a number of facts were given, demonstrating that the forma-
tion of isomaltose and panose on the incubation of maltose with an enzymatic pre-
paration of A. niger, is not the result of the activity of a special transglucosidase, but
that the development of the oligosaccharides named from maltose is due to the
catalytic action of maltase (Burger and Beran 1954, 1956b). It is known, however,
that maltase also hydrolyses a number of substrates, in which the formation of oligo-
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saccharides was not found (Summer and Myrbéck 1950) (e. g. methylglucose and
trehalose). The question arises as to why the formation of the oligosaccharides men-
tioned did not take place with these substrates under our experimental conditions.
Tt is known, and was also clearly demonstrated on our chromatograms, that these
substrates are hydrolysed by maltase much more slowly than maltose.

Tt follows therefore that the affinity of maltase for trehalose and methyl glucose is
much less than its affinity for maltose. It is probable that the same will apply if a com-
parison is made of the affinity of maltase for the substrates concerned and of its
affinity for water. The transglucosidation products catalysed by maltase can
develop, however, only if an acceptor with a sufficiently greater affinity for
maltase than water is present in the system. It is clear that trehalose and
methylglucose do not possess this affinity. Nor could glucose be the acceptor
in these experiments, since there was a low concentration of glucose in the solution.

The formation of isomaltose and cellobiose is interesting, since from these facts
it can be assumed that in this case isomaltose is formed by a similar, or identical
mechanism, as from maltose. No further experiments are, however, available for
confirming this assumption.

As far as saccharose is concerned, it is evident that hydrolysis took place by means
of invertase (B-fructosidase) and that development of the reducing oligosaccharides
which develop on the hydrolysis of maltose was therefore not possible (Bealing and
Bacon 1953).

Tt must be emphasized that the method employed by us (4-fold development of
the chromatogram) does not reveal oligosaccharides with more than four or five
glucose fractions in the molecule. The formation of higher saccharides in our experi-
ments is therefore not excluded.

The experiments in which varying amounts of glucose were incubated demonstrated
that the enzymatic preparations studied by us are capable of resynthesizing isomal-
tose from glucose, and that if the concentration of water is reduced to a sufficient
limit, resynthesis of maltose also occurs. The formation of isomaltose from maltose
did not take place as a secondary process, as is demonstrated by the fact that with
a lower concentration of glucose (from 59,), only isomaltose was formed and no
maltose. Tt follows, therefore, that an enzymatic preparation of A. niger catalyses
the synthesis of isomaltose not only by the route of transglucosidation:

maltose + glucose = isomaltose 4 glucose,
but also on the basis of the following equation:
glucose + glucose = isomaltose.

The calculations show that these reactions are thermodanymically possible, if it is
borne in mind that the isomaltose or maltose were formed in amounts over 1,000
times less than the concentration of glucose.

(Plates XXIV, XXV)
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K Bompocy rpamcrimoxosumupyomeit [eATeIbHOCTH BH3MMATIYECKIX
npenaparoB Aspergillus niger

M. BYPTEP nu K. BEPAH

Pezrome

Wcenenoarock 06pasoBanite BOCCTaHABIMBAKONINX 0JIMTOCaXapHuoB, 0018 0IIX
1,6-ramoromupanosnoit ¢BA3b0 (MBOMAJBTO3A 1 NaH033) IPU MHKYOAuM dH3MMATH-
HUECKOro SKCTPAKTA IUTeceHn A. niger (KyJIbTUBUpOBaBIleiics Ha oTpy6AX) ¢ pacTBo-
paMit PasjdHBIX OJUI0CAaXAapUI0B M IVIOKOSH B PasiMuHoil KOHIlenTpannm. Xpo-
MarTorpauuecKuil aHaa s MCCIELYEMBIX OJIUTOCAXAPU/IOB OPOU3BONMIICA TIOCJHTe
KPaTKOCPOYHOU ¥ JIJIMTesbHO# MHKYOaImu.

B coorsercrBun ¢ npouseesienubiMu pamee McciefoBanusiMu Pan-a ¢ COTPYIHU-
KaMil Mbl yCTAHOBUIIM, YTO I3 MAJIBTO3b 00PasyeTcs Kak M30MaTbT03a, TAK M 3HAYM-
TEJIbHBIE KOJIMYecTBA maHosbl. Ilpu mumresnbHOll MHKYOAIMy HAKOIIACTCS TONLKO
nsomanbrosa. Us paduuoss, maxroser, caxaposs n rimoross-1-gocdara Brimena-
BBAHHBIE OJIATOCAXapUjBl He 0o0pasoBaJMCh, XOTA WX THAPOIU3 OCY1LeCTBIIAICS .

B oramune or nanmpix Pan-a u ap. Mbr y6eauiucs, 4To U3 1eso0mosst obpasyercs
U30Ma.IbT032 M TOUHEe He ONpejlesieHHBI HaMu 0JIUTocaxapujl, KOTOPHl Ha X[ OMaTO-
TpaMMe IOMeIlaeTcsa Me:Ay MaJIbTo30i 1 IaHO30Il.

Us npyrux usyvaBUIMXcA HAMU BellecTs (Tperazsosa, METHI-IJIIOKO3A, MeTHJI-
MaHHO3a) BOCCTAHABIMBAIOUINE OJMIOCaXapuabl ¢ 1,6-TJOKONMPANO3HOI CBABBIO
TaKs;ke He 00pasoBaINCh, XOTA Y HUX OCYINEeCTBJIIAJICA 110 KpaiiHeil Mepe YacTUYHbIit
TUIPO.INB.

Hpn maxybanum Gosee uian Menee KOHIEHTPUPOBAHHBIX PacCTBOPOB IJIIOKO3 Bl pe-
CUHTETU3UPYETCA M30Malbroda (HaumHasg ¢ DY, ruokoss u Goibine) m MagbTO3a
(naumnas ¢ 30 u Gosee nponenToB r0K03H). OOpasoBaHME M30MAIBTOZH N3 IIri0-
KOBBI OCYINECTBIANOCH He Mepe3 MaJibrody, a NPAMO U3 TVIOKOSBL. JTO JIOKA3HIBAET,
uro ofpasoBaHue M30MAJBTOBEL MOHET — KPOME peaKIuu TPaAHCTIIOKO3UAALUY U3
MaJIbTOSBl — OCYINECTBJIATHCA TaK:Ke NYTEeM PECUHTEe3a U3 IJII0KOBELI.

(Taba. XXIV,XXV)
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Das Auftreten von Olmohnbakteriosgn in der Tschechoslowakei

J. ROZSYPAL und F. MRAZ

Biologisches Institut der Tschsl. Akademie der Wissenschaften, parasitologische Abt., Praha und
Institut fiir Getreideforschung, phytopathologische Abt., Kromé&fiz

Eingelangt am 11. 5. 1956

Der Olmohn (Papaver somniferum L.) gehort unter unseren Ziichtungsbedingungen
zu den landwirtschaftlichen Produkten mit sehr schwankenden Ernteertrigen,
deren Ho6he unter anderem vom Gesundheitszustand der Pflanzen, also von der
Summe verschiedener Krankheits- und Schidlingseinfliisse abhéingt.

Bei Untersuchungen von Zuchtkulturen des Mohns (1953) erweckte unser Interesse
das Aufreten und die Verbreitung zweier unterschiedlicher Bakteriosen, deren
Merkmale uns zwar bereits aus fritheren Jahren bekannt waren, bisher aber nicht
gebiithrend betrachtet wurden. In der Praxis wurden diese Bakteriosen meistens
iibersehen und die Erkrankung der Pflanzen anderen Ursachen zugeschrieben. Wir
sahen uns daher zu ihrem eingehenden Studium veranlasst.

Nach ihren typischen Erscheinungsformen bezeichnen wir diese Erkrankungen
im weiteren als ‘‘Blattfleckenbakteriose des Mohns” und als ,,Stengelbakteriose des
Mohns™.

Die Blattfleckenbakteriose des Mohns

Die in der Literatur angefiihrten Blattbakteriosen betreffen vorwiegend wild-
wachsende Mohnarten und ihre Varietdten, die in den USA und in England als
Zierpflanzen geziichtet werden (Clinton 1909, Bryan und Mc Whorter 1930, Dowson
1949, Nance 1951). Der Krankheitserreger wurde von Bryan und Mc Whorter als
Bactertum papavericola n. sp. beschrieben und nach der spiteren Taxonomie als
Xanthomonas papavericola eingeordnet. Die Blattfleckenbakteriose kommt nach
Berichten auch beim Olmohn in der UdSSR vor (Beloselskaja und Silvestrov,
1953, Gorlenko 1953).

Die Pflanzen werden hauptséchlich in den Sommermonaten befallen, also zu einer
Zeit, in der unter dem Einfluss abwechselnder Regenfille und stirkerer Besonnung
im Boden und in den Kulturen ein dunstiges Mikroklima herrscht. Der Mikro-
organismus gelangt zunichst aus dem Boden durch abprallende Regenspritzer oder
vom Wind angewehte Teilchen der Ackerkrume auf die untersten Blitter. Die
weitere Verbreitung erfolgt durch gegenseitige Beriihrung der Pflanzen, durch
Regenspritzer oder auch durch Insekten. Die feuchten Blattflichen erméglichen das
Vordringen des Mikroorganismus durch die Spaltoffnungen in das Gewebe. An der
Infektionsstelle entstehen zunachst helle, wisserige, sich vergrossernde Flecke, die,
von der Nervatur begrenzt, eine unregelmissig eckige Form einhalten. Spiter
nehmen sie eine gelbliche Farbung an, trocknen ein und bleiben, zum Unterschied von
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den sehr dhnlichen, durch Helminthosporiose hervorgerufenen Flecken, transpa
rent. Die schiitter verstreuten Flecke sind gewdhnlich grésser (5—10 mm), rundli-
cher und lassen manchmal eine Zonenbildung erkennen. Bei dichtem Besatz gehen
sie ineinander iiber und das Blatt vertrocknet schnell. Eine Verbreitung durch die
Geféssbiindel auf grossere Entfernung wurde nicht beobachtet. Unter giinstigen
Bedingungen, hauptsichlich bei geniigender Feuchtigkeit und Wirme, kommt es zu
einer epidemischen Ausbreitung der Krankheit auf die ganze Kultur. Der Verlust
der Assimilationsfliche iibt bei stirkerem Befall einen bedeutenden Einfluss auf die
Entwicklung der Mohnkapseln und Qualitit des Samens aus. Beim Klatschmohn
werden vom Mikroorganismus nicht nur die Blitter, sondern auch Stengel, Knospen
und Kapseln befallen, was bei Olmohnkulturen nicht beobachtet wurde.

Eine Verbreitung der Blattfleckenbakteriose wurde bisher nur gelegentlich in
einigen Gebieten der Republik festgestellt.

Der Mikroorganismus konnte im allgemeinen leicht aus frischen, noch nicht
eingetrockneten Flecken isoliert werden, wo er in einer fast einheitlichen Assoziation
vorzufinden ist. Das Ausgangsmaterial fiir die reinen Schalenkulturen bildeten auf
dem Niahragar die an der Randzone der ausgestanzten Blattfleckenstiicke oder
in den Ausstrichen des im Wassertropfen zerriebenen Blattfleckenmaterials entste-
henden Kolonien. Mit den Subkulturen wurden die Blitter junger,im Beet geziichteter
Pflanzen durch Bestreichen mit verdiinnter Bakterienemulsion infiziert. Die Pflanzen
wurden durch Glaszylinder mit Kaliko-Verschluss durch zwei Tage hindurch verdeckt.
Nach 4—5 Tagen machte sich die Infektion in dichten kleinen Flecken bemerkbar,
die stellenweise in zusammenhingende Flachen iibergingen. Die Identitit des
Mikroorganismus wurde durch Riickisolierung nachgewiesen.

Die Infektion des Stengels wurde mit einem sehr diinnen Kapillarrohrchen durch-
gefiihrt, das 1-—2 mm3 wiisserige Bakteriensuspension enthielt und bis zum Bereich
der Gefissbiindel eingestochen wurde. Nach 7—9 Tagen trat nur eine lokale Ober-
flichennekrose unmittelbar um den Einstich herum und eine Nekrose des inneren
Gewebes bis zu 2 cm ober- und unterhalb des Einstichs in Erscheinung. Nach Ablauf
von 2—3 Wochen breitete sich die Nekrose in schmalem Streifen nach oben und
unten auf die Entfernung von einigen cm aus. Diese Pflanzen kionnen zwar in ihrer
Entwicklung geschwicht sein, doch tritt keine Faule ein wie bei der Stengelbakteriose
des Mohns.

Beschreibung des Mikroorganismus

Die Bakterien haben die Form eines kurzen, ovoiden, 0,9 x 0,6 y, grossen Stibchens; sie sind beweg-
lich, gramnegativ, besitzen eine einzige, polstéindige Geissel und bilden bei lteren Kulturen Hiillen, aber
keine Sporen.

Auf Fleischextrakt-Peptonagar wachsen im Verlauf von 24 Stunden 1 bis 1,5 mm grosse, runde und
gewolbte Kolonien von senfgelber glinzender Farbung und mit geradem Rand; im durchscheinenden
Licht sind sie braungelb und gegen das Zentrum zu dichter granuliert. Auf Schrigagar bilden sie einen
diinnen, sattgelben Belag von schleimiger Konsistenz. Auf Kartoffelagar verlduft ihr Wachstum iippiger
und die Féarbung ist sattgelb; Stirke wird hydrolysiert. Bei Milch erfolgt am zweiten Tag Koagulation,
am sechsten Tag Peptonisation. Der Mikroorganismus bewirkt Gérung ohne Gasbildung bei Dextrose,
Galaktose, Saccharose, Fruktose, Laktose, Maltose, Arabinose, Mannit, Mannose und Glyzerin, reduziert
Nitrate, verfliissigt Gelatine langsam (in 6 Wochen bis zur Hélfte der Normalsiule) und produziert
Ammoniak sowie Schwefelwasserstoff, nicht aber Indol. Der Mikroorganismus ist oxybiotisch; im
Eintrocknungszustand betrégt seine Lebensbestindigkeit 7—9 Monate. Temperaturoptimum 25— 30° C;
pH Wert 6,56—17,5.

Nach diesen Eigenschaften wird als Erreger der bei uns verbreiteten Blattfleckenbakteriose des
Olmohns bestimmt:

Xanthomonas papavericola {(Bryan et Mec Whorter) Dowson.
Synonymum: Bacterium papavericola Bryan et Whorter.
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Die Stengelbakteriose des Mohns

Diese durch Schwarzwerden und Nassfaule des Stengels in Erscheinung tretende
Krankheit wurde urspriinglich beim Opium- und Klatschmohn in Indien festgestellt
(Hutchinson 1916, Ram Ayyar 1917); ihr Erreger wurde erst spiter unter der
Bezeichnung Bacillus papaveris n. sp. beschrieben (Ram Ayyar 1927).

In unseren Kulturen beobachteten wir Pflanzen mit Merkmalen, die jenen glichen,
die von diesen Autoren angefiithrt wurden. Die ersten Krankheitssymptome machten
sich bei den Pflanzen im Stadium ihrer stirksten Entwicklung zu Beginn der
Knospenbildung bemerkbar. Die Erkrankung beginnt mit dem Welken der Gipfel
und breitet sich binnen 2—3 Tagen iiber die ganze Pflanze aus. Der Infektionsbeginn
verrat sich durch eine dunkle, weiche Stelle, am haufigstenin der oberen Stengel-
hilfte, an der gewohnlich der Stengel briichig wird. Im Querschnitt des Stengels
erscheint das Mark gebraunt bis schwérzlich und ist zum grossten Teil zerstort; die
Innenwand ist von weisslichem bakteriellem Schleim bedeckt, der aus der Bruchstelle
fliesst. Es folgt dann der Zerfall aller iibrigen, bisher nicht betroffenen Pflanzenteile.
Jingere Pflanzen unterliegen dem Zerfall bedeutend schneller, sodass oft nur auf der
Erde liegende vertrocknete Blattreste iibrigbleiben. Die in ihrer fortgeschrittenen
Entwicklung befallenen Pflanzen werden zwar nicht briichig, sterben aber ebenfalls
schnell ab. Beim Klatschmohn sind die Krankheitssymptome dhnlich. In Kulturen
werden zunichst einzelne Pflanzen befallen, von denen aus dann die Krankheit
nestartig um sich greift, wobei besonders feuchte Boden ein Reservoir dieses Mikro-
organismus bilden. Bei der Infektion scheinen eine grosse Rolle beissende und
saugende Insekten zu spielen, die in der weiten Umgebung des Standortes einen
Bestandteil der Biozonosen der Mohnkulturen und der, Phytozénosen bilden. Die
betriachtliche Menge des bakteriellen Schleims, mit dem die Pflanzen im vorge-
schrittenen Fiulezustand bedeckt sind, erméglicht eine Ubertragung der Infektion,
die, wie experimental nachgewiesen wurde, auch durch die Weichwanze Calocoris
norvegicus Gmel. erfolgen kann.

Die Stengelbakteriose des Mohns wurde bisher bei einer grosseren Zahl von Lokali-
taten in Mahren und in der Slowakei beobachtet.

Zur Isolierung des Mikroorganismus wurde das Material der Schleimsubstanz
verwendet, die das Innere der faulenden Stengel bedeckt. Die kiinstliche Infektion
zahlreicher Pflanzen verlief durchwegs positiv und rief alle Begleitsymptome
natiirlicher Infektionen hervor. Nach 48 Stunden begann das Welken der Pflanzen,
am dritten Tag erschienen am Stengel die ersten Bruchstellen und im Verlaufe einer
Woche waren 90 9, der Stengel von Versuchspflanzen briichig, was auf eine grosse
Pathogenitat des Mikroorganismus hinweist.

Nach Infektion durch Auflegen eines befallenen Gewebeteils in die Blattachsel
kam es unter typischen Erkrankungserscheinungen zum Absterben der Pflanze
bereits nach 12 Tagen. Ebenso wurden ganze Pflanzen nach Infektion des Haupt-
nerven eines Blattes befallen, die ungefdhr 5 cm von der Insertion entfernt gesetzt
wurde; dabei konnte eine Verbreitung der Bakterien durch die Gefissbiindel beob-
achtet werden. Das Aufstreichen der Suspension auf Blitter rief keine Flecken-
bildung hervor, die bei der vorherbeschriebenen Blattfleckenbakteriose erzielt
werden konnte. Die infizierten Knospen trieben entweder noch aus und entwickelten
verschiedentlich deformierte Mohnkapseln, oder wurden schwarz und vertrockneten,
wobei die Infektion oft durch die Gefissbiindel auch auf den Stengel iibergriff und
manchmal bis in die Wurzel vordrang. Ahnlich verlief die Infektion in den verschie-
denen Organen des Klatschmohns und unter den verwandten Pflanzen beim gemeinen
Erdrauch (Fumaria officinalis L.), wihrend sie beim Scholkraut (Chelidonium
matus L.) und beim Jungfernherz (Dicentra spectabilis L.) negativ blieb.
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Beschreibung des Mikroorganismus

Die Bakterien haben die Form kurzer, 0,4 x 0,5 bis 2,7 u grosser Stéabchen mit abgerundeten Enden.
Sie sind beweglich, gramnegativ, seitensténdig begeisselt und bilden weder Hiillen noch Sporen. Die
Kolonien erreichen auf Fleischextrakt-Peptonagar eine Grésse von 0,5 bis 1,5 mm und sind schwach
kuppelférmig, rundlich mit geradem hellem Rand, griiulich weiss, glinzend, schwach blau opalisierend,
im durchscheinenden Licht gelbbraun und feinkérnig. Altere Kolonien haben ein annihernd stiirzenartiges
Aussehen mit erhohtem gelblichern Zentrum und unregelmissig gewelltem, radial gefaltetem Rand.
Auf Schridgagar bilden die Kolonien einen iippigen, grauweiss glinzenden und im durchscheinenden
Licht gelbbraunen Belag mit fein gewdlbtem Rand, auf Kartoffelagar einen schwach erhéhten, grau-
weissen, stark glinzenden Belag mit gelapptem Rand. Bouillon wird nach 24 Stunden in der ganzen Sdule
getribt, Milch am dritten Tag ebenfalls in der ganzen Sdule gefillt. Der Mikroorganismus vergirt
Dextrose, Fruktose, Saccharose, Laktose, Mannose, Glyzerin, Xylose, Mannit und Arabinose unter
schwacher Gasbildung, die am dritten Tag ausgeprégter ist. Maltose gért nicht oder nur sehr schwach
und ohne Gasbildung. Positive Reduktion von Nitraten. Gelatine wird anfinglich schiisselartig, nach
zwei Tagen sackartig und am sechsten Tag in der ganzen Siule verfliissigt. Ammoniak und Schwefel-
wasserstoff wird nur sehr schwach, Indol {iberhaupt nicht produziert. Sehr schwache Hydrolyse der
Stiarke. Milch mit Lakmus und Methylenblau fiarbt ab. Der Mikroorganismus ist fakultativ anaerob,
seine Lebensfihigkeit betrigt im Eintrocknungszustand ungefihr 4—5 Monate mit einem Wachstums-
optimum bei 26—-30° C und pH 7-—8.

Im Hinblick auf diese Eigenschaften gehort der Erreger der bei uns beobachteten Stengelbakteriose
des Olmohns zur Gruppe der pathogenen Stémme, die taxonomisch représentiert wird durch die Art:

Bacterium carotovorum (L. R. Jones) Lehmann, Neumann.

Synonyma: Bacillus papaveris Ayyar,

Erwinia papaveris (Ayyar) Magrou,
Erwinia aroideae (Towsend) Bergey.

Die erkannte Tatsache, dass beide Krankheiten auch wildwachsende Mohnarten
befallen und durch Insekten iibertragen werden kénnen, erhéht die Bedeutung dieser
Bakteriosen unter unseren Ziichtungsbedingungen. Vom Standpunkt des Pflanzen-
schutzes sind vor allem Priventivmassnahmen notwendig, also die Auswahl nicht
allzu feuchter Boden, Einhaltung einer richtigen Fruchtfolge und Verwendung von
gut geerntetem und gereinigtem Saatgut aus nur gesunden Kulturen. Durch
rechtzeitige Bekdmpfung der Schidlinge mit Insektiziden kann auch die Ausbrei-
tung dieser Bakteriosen eingeschrinkt werden.

(Bildtafeln XXVI, XXVII, XXVIII, XXIX)
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Baxrepnoss ceanHoro Maka, HaOmiomasmuecs B UeXocaoBaruu

A. PO3CBIIIAJL u ®, MPA3
Peswme

ITpuBogATca cBefgeHnsa o HaxomEeHHmE N pacupocrpanensoctu B UCP nByx pas-
An9YHEX GaKTepHanbHHIX 3a60JIeBaHUA CeSHHOIO MaKa, KOTOpHe HEoDXOMNMO MPH-
COGJIMHUTh K WM3BECTHHIM JIO CHX IIOP XO3ANHCTBEHHO BAaKHEIM 3a060JIeBAHUAM 5TOrO
OIMPOKO PacIpOCTPAHEHHOTO Yy HAC MacJIHYHOTrO.

ITo mpuanakaM MBI 0603HAaYaeM UX KaK «0aKTepHAIBHYIO HATHUCTOCTH JIMCTHEB
MaKa» U «baKTepmo3 cTedsIsa MaKan.

Ileppoe 3aGosmeBaHue NOABIAeTCS B JETHHE MECANB, KOTAA IPH YepefOBAHNM
JOKIell M WHTEHCHBHOTO COJIHEYHOTO OOJIy4eHHs IO0YBA M TIOCEBHI 3alpeBaloT.
MukpoopranusMsl NONAJA0T HA pAacTeHMS M3 II0YBH BMECTe ¢ OTCKAKHBAIOIIMMU
JIO}KAEeBHIMA KaIJIAMN ¥ HaBeAHHLIMI BETPOM UYaCTHUHAMH 3eMiH. fIBissch HOmBHIK-
HBIME, OHH JIETKO IPOHMKAIOT II0 BJIAMKHOW [OBEPXHOCTH JIUCTA B YCTHULA U B MEM-
KJIeTOYHOe IPOCTPAHCTBO. 3jech BO3HHKAWT JKEJITOBATHeE, I03[Hee Oypemoimue
¥ 3acHIXaoniue, OTPaHNYCHHEIE 10 KOHTYPaM ;KUJIKAMU IATHA HEIPAaBUILHON (OPMEL
¥ pasam4BeIX pasmepoB. IIpm cooTBeTCTBEHHBIX YCIOBHAX 00JIe3Hb 3NHIEMHUYECKH
pacupocTpaHdeTcs IO Bcedl KyJabType. ¥YTpaTta 6osbmell YacTH acCHMUIMPYIOMEi
NOBEPXHOCTM PE3KO BIAsAET HA pPasBHTHEe MAKOBOK W KadyecTBO 3epHa. Bakrepmos
HabiIofacsa NoKa B HeckoIbKuX obmactax YCP. Baxkrepun ne TpymHO M30IMpoBaTh
U3 MOJIOABIX, ellle He 3acCOXMMNX HATEH, Ifie OHM 00pas3ylT HOYTH OXHOPONHOE CO-
obmectBo. Pactupas sMynbcmio 4ucTOR KyJBTYpPHl HA JIMCTBSI, HE TPYAHO BHI3BATH
HMCKYCCTBEHHOE 3apajKeHue.

Baxrepuu umeioT ¢opmy KOpoTKOil AlineBugHON namodku pasmepamu B 0,9 : 0,6 u.
Ha msaconmentonHoMm arape oHu yepe 48 yac. 06pasyOT BEILYKJIbIE KPYIJIble KOJOHUH
¢ TIaJKUMM KpasMu, pasmepamu B 1—1,5 MM, ropumuno-skenrsie, GrecTAuine, Ha
cBeT KOPHYHEBO-}KeJITHe, K HeHTpy Oosee rycrtosepHmerhie. IHa rocom arape oHu
00pa3yIOT APKOKENTHH CIAM3NCTHIA HalleT. BawTepum Me[JIeHHO DPa3MiMKAIOT Ke-
JIaTHH; BLI3HIBAIOT CBEPTHIBAHME, a MO3[(Hee IENTOHW3ALMIO MOJIOKA; cOparkmBaloT
JEeKCTpO3y, TaJllaKTody, (PYKTO’Yy, caxaposdy, JAKTo3y, Malbrody, apabuHO3y,
MaHHUT, MaHO3y W riumepuH Ge3 o6pasoBaHMWA rasa; BOCCTAHABIMBAIOT HUTPATH,
BBIIENIAIOT aMMHAK WM CePOBOAOPOXK, HO He WMHI0J. Bakrtepuu KYCIIOPOJONOOUBSL.
B 3acymeHHOM COCTOAHHM OHE COXPaHSIOT 'KU3HECTOCOGHOCTH B Teyenne 7—9 Me-
canes. Ontumym pocra opu 25—30 °C, pH 6,5—7,5.

ITo aTuM nmpusHaKaM Bo30yauTeaeM HaGIOAaBIDelicss HAME GaKTePHAIBHONR IATHU-
CTOCTH JHCTheB MaKa sBifeTcA Xanthomonas papavericola (Bryan & Whorter)
Dowson.

CmrornM: Bacterium papavericola Bryan & Whorter.

Bropoii GaxTepmo3 Maxa HpPOABIAETCS IIOUEPHEHHMEM M MOKPOH I'HHJIOCTBHIO
cTebieli, — dwame Bcero B Hepuoj Haubojee GypHOro pocra, B Havaze Iepuoja
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obpasosanus 6yTonoB. Bojesnb UPOABIACTCH BABALAHUCM 3CJCHBIX pPACTCHMI,
nauunas ¢ epxymexr. O Hauyase 3a60IcBaHuUsI FOBOPUT (0OCE TEMHOC M MATKOC MCCTO
B BCPXHCIT wactn ctelns, rre oH ofbaHo HajulammBaercd. lla paspese Bugno, uto
MAKOTH cTebasa noucpuesia, 6obITeif yacThio paspylsena, a cTeHKa ¢tedlis ¢ BUYFpen-
Heil cTopc HBI IOKPHITa HeroBatoil camablo Gartepuii. B nocepax 6oye3ns nossiaseres
CHaYajia Ha OTeIBHAIX PACTCHUAX, BOKPYL KOTOPBIX PACIIPOCT DAHACTCSI PHe3/1006pas-
0. PesepByapoM MUKpOOpranusMa sIBJISICTCH, 17aBHBIM O0PasoM, BJIaKHas 10uBa.
SHAUUTCTBUYIO POTh 1IPU MHQeKIMU UIPAIT, KAK KaMKeTes, KOO W coCyHiMe
Hacekomple. Ha onpire OpiTa TOATBEP/GICHA BOSMOYRHOCTE  Hepeflaun MHOCKIUY
ryonom Calocoris norvegicus Gmel. UckyceTBennoe sapaskenne MHOTOUHCIICHHLIX
pacTenuii B3BCCHIO UNMCTON KYJIBTYPHE (B cTeGeib, OyTOUhl B MAKOBKH) BCCIA JlaBajlo
HOTOZRUTEIBHbIC Pe3YIbTATH. BRIanbiBag KyCouRH 3apazieHHOIT TKAHW B UaByXy
JICTa TOKE MOJKHO BHI3BAThH 3a0oseBanue. PactupaHie B3BecH 10 JUCTHLAM 11C BBI3DI-
BajIO MATHUCTOCTH. JTO CBUICTEJILCTBYCT O TOM, YTO B yCTBMIIA JMCTHCB HAKTCPUK
HC TIPOHMKAIT.

BosGyautens — 910 BechMa nojBKHbC Nastouru, pasmepamn B 0,4 1 0,0—2.7 u,
¢ BAKPYIJICHHBIMU KOHIAMU M HECKONBLKUMU LCPUTPHXAILHBIMU AIYyTHKAME, TpaM-
OTPUIATCIBHBIC W e o0pasyionuie ni cuop, Hit kaucyit. Ila Macoueuronnom arape
yepes 24 uwaca BBRIPACTAIOT KPYTable, ¢jlerka KYHoJooOpasHbelie Koaonku ¢ Godee
CBCTJILIMM TJIAJIKMMHM Kpaawmu, pasmepamn B 0,0—1,0 MM B juaMerpe, cepopato-
Oedple, GiceTAlNME, OTIANBAIONMG CHICBATHIM, HA CBCT RENTO-KOPHUHCBBIC, MCIIKO-
scprierpie. Crapble KOJIOHIM 1MEIOT HCCKOIBKO BHIVIIYIO POPMY, ¢ HEll paBUILRO
BOJIHOOOPasubiMi, j1ydeofpasiio ¢MOPIeHHBIMH Kpasivi. Pasikuzkenne skenatiia
poxout OpicTpo, — Ha 6-0if jens 1o Beemy crondury. Barrepuu c6pasciuBalor
JCKCTPO3Y, GPYKTO3Y, caxaposy, IaKTo3y, Manosy, IJINICPHI, KCHJI03Y, MAaHMT,
apabunosy 1pU He3HAUNTETBHOM 06PazoBaHUM Ta3a, HO He ¢HPa;KUBAIOT MAILTO3LI;
BOCCTAHABJIUBAIOT HHUTPATLI. BBUICJIOHHO aMMHaKa 1 CCPOBOIOPOJA BeCbMaA He3itavu-
TCNBHO, MHIOJ He Bhifejdercsa. Dakrepuu MOryT ;euTh adaj’polOHO, B 3aCYIICHIOM
COCTOSTHUN (‘()XpaHﬂIOT ?K]/’l3“0(']I()(‘()()H()(’/Tb B Teuenme 4A5 MCCHIICB. ()l]'l'lﬂ\ly]\/[ pocTa
pn 26—30 °C u pIl 7—38.

o arnM npusnakaMm Bo3GyMTeNb HAOMIOIABHICTOCS HaMIl (AKTCPHO3a MAKOBBIX
cTefsell JIPUHAANCKUT K IPYULC TATOTCHHBIX IMTAMMOB, TAaKCOUOMUYCCKA 11PCjL-
craprieHielx Bupom Bacterium carotovorum (L. R. Jomnes) Lehmann, Neumann.

Cunonumsr: Bacillus papaveris Ayyar.

Erwinia papaveris (Ayyar) Magrou
Erwinia aroideae (Towsend) Bergey.

[Habmonerne, 9to ofa saboseBanusa nopaskaloT M JIUKOPACTYIMRIT COPHMIT MaK
1 MOTYT TiepefiaBaThcs ¥ HACCKOMBIME, TIOBLITHACT MX 3HAYEHIUC JUUIA HANIHX IOCCROB.
C ToukM 3peHms 3aNLUTHL HeoOX0MUMO 3a00TUTBCIL NPEIGIC Beero o Ipoduilartia-
YCCKUX MCPOUDHATHAX, I0AOOPEe He CJHMIMKOM BIIA;KHOTO Y4acTKa, coO0Ienun
HPABUWJILHLIX CPOKOB H CHOCOOOB IOCeBA U 00 UCIIOIB30BAHUM TIPABHIILHO OO PARHBIX
M OUMUICHHBIX CCMAH TOJIBKO M3 3A0POBBIX KyJbTyp. (UBOeBpeMeCHHOC 1ipPUMCHCHUC
HHCCKRTHIINBIX CPEJCTB MOYKET OTPAHUUMTL pacnpocTpaHeHue sTux GakTeprnoson
BPELUTEISAMH.

(Taba. XXVI, XXVII, XXVIII, XXIX)
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FOLIA BIOLOGICA

Tom. II. (1956) — Fasc. 4

K Bompocy yd4acTusa HeOIIOMOTBOPAIOMIUX HUBYMKOB
B IIOJIOBOM IIpoIiecce

M. BONTUIIKOBA
Brnonoruuecknit nrcruryr YCAH, 9KCHepUMeHTAIbHAA OHOJIOTUA U TeHeTHKA, IIpara

ITocmynuao 6 pedakyuro 12 V 1956

OTKpbITHE, YTO JKHBYMKM MOKHO HAiTH B HapaduHOBHIX CpPe3ax TKAHEH TI0IOBOIO
rpaxra caMok (Herwerden 1905, Kohlbrugge 1910, 1911, Tenun 1950, 1951, 1953
u 1955, Xypwit u np. 1954, Boiitumkosa 1955) Beso K 3aKM0YCHMIO 0 HAMYNH
OPUYMHHON 3aBHCUMOCTI MEKYy HPOHHKHOBCHUEM jKUBYMKOB B COMATHUECKIE TKAHM
TIOJIOBOTO TPAKTA CAMKH ¥ ABJICHUAMI TeJCTOHUH ¥ KCCHMM, a oT4acTn 3dexTs-
Hocreio rerepocnepmun (Caprucsan 1952, Kymmep 1954).

Mu cronTposmpoBanM NOKOGHBE CcJyYaM MOBHTHBHOIO MHATHO3A ¢ MOMOIIBIO
BUJIOM3MEHEHHOTO MeTO[a M PsA/la MOJEsIell ONBITOB, Pe3yIbTaThl KOTOPHIX CBHIETelb-
CTBYIOT O TOM, 4TO CJIy4ay HAXOKIEHUA ;KMBIMKOB
B TKAHAX — UM HAMW, ¥ JPVIHEMU IMTHDPYEMBIMU !
aBTOpaMm — SIBJAIOTCA apTedaxTaMu u o0ycso-

BJICHBI [clI0COGAMU  THCTOJIOTHYCCKON 06paboTKH. /
3

IECREPUMEHMAABHAA HACD 2

I. ITosoBoit Tpakr Kypuusl

A. Hapagpuroswe u yeasoudurnoswie cpeswr. Rypsr, nso-
TUpoBaHHble 3a 45 OHel mo onmiTa OT meryxa, UcKycer-
BeHHO oceMeHANMch (Seiden 1947, Opex 1949) mosamn
B 0,4—0,8 Mx sAKyasra 3a 26 yac., 6 4. 30 M., 4 4. 30 M.,

2 "aca ¥, HakoHem, 3a 10 MuH, fo yMepmsienud. Ilocie
GulcTpoit npenapoBKN Bech ANIEBOX KYpHIE TIOTp yHacA
B 10% (opmos, Yepes 2 daca BHHUMAICH, pa3heAICA
Ha OJIOKU M mocile 0 KOHYATeIbHON $urcamun ToABepraJica
RambHelime#t o6paborre. Yacrs Kantloro orpeska sillleBoma
MBI 3JINBAJIM B Hapa@uH, a YacTb— B UelIonauH, Toamuaa
napaguHOBEIX cpedoB ObiBala 6—8 |, IeINIOMIMHOBBIX
—10 u. Oxpacka npoussBopumack GoJbimel YacThlo reMa-
TOKRCUJIMH-303UHOM TI0 Mopudukanum Harris-a.

Puc. 2. Cxema nogBA3LIBAaHMA MleTe b

Afilicrofia. 1 - MecTo HAJOMKeHUA

nepBofl  surarypst; 2, 3 - Mecra

HaJloeHNA Bropol, o6umell iwura-

Typel. Crpenro#t oGoznaden Xof

alinesoga 10 HalpaBlleHUI0 K
AVYHURY .

B. Hceredosarnus nepumoneavnoii noseprrocmu u enewnuz caoes aiiyesoda Kypuywt nocae oce-
merenus. Tpu xypunst 6euin Ha 40—75 mueit M30JMpPOBAHEL OT IeTyXa, UTo0Bl MCKIIIOYNTE BO3MOK-
HOCTH IDOHUKHOBEHUS HUBYMKOB HA IepUTOHeAJIBHYIO NOBepXHOCTh AllieBofa U3 ero mpocBeTa

4epes TOJOCTh OpIOIIMHEI,

IpOMBOAMIACH Clle/lylolas ollepallusa: Bce KYpH ONepdpoBaluch MO

yperaH-GapOuTanoBeM HapkosoM (10 T yperana, 0,75 T OapOurypoBoit Kucmors, 100 Ma H,0
B 1070CTE GpOmUHE 3a 2—3 uaca Ko omepanuu). Ilocae JIANAPOTOMHUM MPOU3BORUIIOCH ABOWHOE
TIOBABBIBAHME IeTJIM AMNEBORA B eTo ceKperopHoM wacty (ABoMHON ImedKoBo# HuUTBIO noBepX
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TOJICTOYO CIOA Mapinm — puc. 2). B nynkre 1 Owina HasoiKeHA TepBasd INraTypa, B MYHKTaX
2 u 3 — Bropad, ooman. Ha Bropoil fenb nocie onepaunu y BceX 3 Kyp Obiilo npousBefileHO MCKYC-
cTBeHHoOe oceMeHeHue, 1lotoM y 1-0#f KypuIsl AlIeBO GBI OTHpENAPNUpPOBAH U BHHYT 13 OpromHoi
[oJlocTH, @ ¥ 2 ApyrUX — TOIBKO pasBA3aH, HO ocraBleH B OpromHol momocru. C moBepXHoCTH
aliuesoma, MaTku u isthmus tubae TOHKUMEI HOMWHMIIAMH UM TOHKAM KpIOYKOBBIM IMHIIETOM OTpe-
BaJIMCh MAJIEHbKIE YACTUIIEL TKAHN, KOTOpHE paCTUPAINCh i HAHOCHINCEH B QopMe Ma3KOB Ha Mpel-
MeTHO€ CTEKIBIIIKO. ITocae NpUTOTOBJIEHUA KAMKAOIN0 INpenapara I/IHCprMeHTbI 3aMEeHANUCDH
unctsiMi, IlpefMeTHBble CTEKMBINIKM HYMepOBAJNCH B BaBUCHMOCTHM OT Mecra B3ATUA o0pasua
H KosmdecTBa 006pasuoB, B3ATHX C OJHOTO M TOTO e Mecra slileBona. ITocne a10TO BCKpHIBAJICH
AALEBO U JeJalich Ma3KH-OTIeYaTKU CJIUBUCTOM, K KOTOpodl NpUKIafBBAIUCh NpefMeTHhle
cTeRablnKn, fiinesox BCKpHIBAJICA B ClleflyIollleM TOpfARKe: MbI Belu npononbﬂmﬁ paspes cHadasla
MeQy JUraTypaMu B MyHKTaX 1 u 3, noroM MeKy Jurarypamu 1 u 2 1, HaKOHel, Nepel] MYHKTOM 2.

I1. TTonoBoit TPaKT MBI N KPHICH

Mpur caydanu Ha 10 4ac, (Ha Houb) 50 Geiupix Mulmedl (mo 1 caMiy Ha 2 caMok) M 40 wphic (10
2 caMila Ha 3 CaMOK), MOCJe Yer0o ¥ BCeX CaMOK fellayIuch BIATAJIUI[HEIe Ma3KN, KOTOpbIe OKpalliu-
pamuch nmo Giemsa. Hammune 3 MBYNKOB GBLI0 YCTAHOBIEHO TOJNBKO Yy 1 Mblmy 1 8 Kpblc. OTUX
9 camoK Oblto yMepuiBieHo. MEHTepBal Meigly oceMeHeHMeM U yMepliBieHueM Ol He Oodbue
12 vac. IlomoBble TPAKTH DTHX caMOK (Biarajmiie ¢ o0ouMU YTilaMn MaTKu U ANLeBOLb) OblII
oTMpenapnposansl U 06paboTalbl (myTeM BaiMBKKM B LEJJIONANH).

ITI. Mopgenu omsira

A, Pearyus mraneti Ha enpvickugarue cnepmues. Mbl NCXOMUIM N3 MpeANoNoKeHNA, YTO TaKne
Goblllie KOJMYeCTBA MUBYMKOB, KaKue MBI HAXOZIIM HA NapaUHOBEIX U UEJIOUIMHOBBIX Cpe3ax
I0J0BBIX OPIaHOB KypHIb!, HOJKHLL ObIi OBl BRIBIBATH OypHYIO peakiuio garonurosa, eciu Gul
JKUBYMKN AKTMBHO NpOHHKANN B THAHUM HUBOTO, CHOCOOHOTO pearupoBaTh OpTaHU3MA CAMKH.
Tak Kak Mbl He HAOMIORAMI TOROOHON peaKInM, MBI IIOCTABWIIN CJeAYIOIMA onLIT: YeThipeM Iecap-
Kam OBiJIo BBeFeHO MOJ, KOMY, B IBOMHYI0 KOJKHYIO CKIAJKY MeH{y MIeYoM U KOCTBMU Ipefnievbs
1o 0,5 MJI B3BecHM HPOMBITHIX RUBYMKOB TeTyXa TOpoAsl JlerropH B U3HOIOIHYECKOM pacTBOpe.
Crocof TNpOMEIBKA: TOJNYYeHHBIH DAKYIAT TpUKAH HpOMBBAJCA B 5—7 pas CoJbUINM KOJIH-
YecTBOM (UBUOIOTMYeCKOr0 pactBopa., OcafoX pasBOAWICA B COOTHOIIEHWH NpHOIU3NTENbHO
2 yacTu HUBYMKOB Ha 3 4acTH (Pu3MOTOrMIeCKOTO pacTBopa. L[ecagma yOuBaauck Uepes pasiinuHble
TpOMeKYTKI BpeMeHI TIOCIe BIpHCKIBAHUA ANBUMKOB: depes 1, 6, 24 u 48 wac. V BceX 4 Iecapok
MecTo yKoJla GBIIO 3aMeTHO MAaKpOCKONWYecKN. ¥ NepBoil 1 BTopoll Ilecapok Ha KpbUIBAX MPOIIL YN
BAJIICh (UIOKTHpYIOLIe YTOMIIeHIA BedinHol ¢ HeGoaburyo ropomuHy. Tak OblI0 M Y HecdpkH,
y6uroli depes 24 4aca, a y yOuroii Yepes 48 yac. Ha KpELIBAX IPOLIYIBIBATNCE IIIOTHEIE, He(MIIOKTH-
pyouue yToauenna BeimuuHoll ¢ ropomuny. IlokpacHenna He nabmofasioch. CKIAfKN KON
BEIpE3AJINCDH BeeTfa Aaleko OoT MecTa yKodla I Ha 2—3 Yaca morpy#aanck B 10% Popmoa. Toabko
foclle TOro, KaK 6rBasa ofecneveHa 1o KpaliHelt Mepe NepBUYHAS KoaryJAUUA ¥ He I'po3uiia ymie
ONIACHOCTb, YTO JKUBYMKU OYMYT BaHeCeHH B OKpY#alollue TKaHU, CKIAJKU KOKH paspesaTuch 1o
TpelyeMbX pasMepoB M MOCHe OKOHYATeNbHON (UKCAlMM 3anMBAIMCH B MapaduH.

B. Kuswuru 6 ckenemnoii monuye. CremerHas MBI (OefipeHHAsA MBIIITA KypuUbl Win 1-KHeB-
HOTO HHIIJIEHKA) NOrpyskajach o '/, AMHBL Ha 2 4aca mpu KOMHaATHOH TeMneparype B 9AKYJIAT,
HeKoropble MBILIIE TOTDYHAMACh B HOpMAJTLHKI DAKRYIAT ¢ MRUBBIMI KUBYAKAMU, KOTOpPHIC Yepes
2 Yaca 0CTABAINCH ellle HOpMATLHO HOABIMAHBIMU. [Ipyrue MBIUILEL IOMELIAINCE B DARYJIAT, K KOTO~
poMy Gblia mpuGaBieHa 1 Kamis 8% opmora, HeMe[[IeHHo yOuBaBuIad KuBuMKOB. Yepes 2 vaca
MBI 0GpafaTsBAINCh MHCTOTOTUYECKH, TIYTeM 3aJMBKN B apaduH 1 LeToMIUH,

B. IIokaz uckyccmsennozo npusHeceHUs 4YncepoOHBIX KAEMOK 6 mEanu,

a) OpUTPOUMTH KpoIUKa B KypuHo# Mpinme. Kypunas M TOrpy:Hanach Ha 2 yaca mpu
KOMHATHOI TeMIepaType B IMTpATHYI KpoBb Kpoiuka. HpoimybA KpoBL NO3BOJIANA OTIMYHTH
co0cTBeHHEIe (AflepHble) KpacHble KpOBfHbIe TeJBIA IHIIeHKA OT MOTYNMX TMpOHMKHYTH CIOTA
Ge3bANEPHBIX dPUTPOLUTOB KpoJinka. Yepes 2 yaca MpllIA BEIHUMATACK, CIIOJACKUBAIACk pusno-
JIOTHYECKNM pACTBOPOM M 3aJIUBajlach B NE/IOMAUH,

) "KuBunky w3 PUKCATMOHHOMN KULKOCTH HA LeJIOUEHHOBEIX Cpe3aX MBI, Mbna npinieHKa
PpurcupoBatach HOpMAJBHHM cliocoGoM B 10% QopMoide, K HOTOpOMY Mbl TpHOaBIAIN cBerult
sAryuAr (0,5 Mx agryxAara Ha 100 Mix 109 dopMosa) U mepeMelIUBAIIN BCTpAXUBAHIEM. IToce
12-4acoBoit ¢urcamuu MbIIINA B TeUeHMe 24 Yac. IpOMBIBAJIACH B Tekyiell Bolle W 3alIMBANIACh
B 1eJTOWUH,
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Pesyavmamu u duckyccus

I'maBnas pasHuma Memjy KapTuHamm Napa@MHOBEIX M IEJVIOMIWHOBHIX CDPE30B
TKA3Hel I0JI0BOT0 TPAKTa QCEeMeHEHHOM KYPHIB 3aKII04aeTCH B OTCYTCTBHY JKUBYMKOB
B OIIUTENINN ¥ CJM3UCTOR 000/104Ke Ha HeIOUANHOBEIX cpe3ax. B oTimaue ot napadn-
HOBHIX, HA HEJUIOMJANHOBEIX Cpe3ax He Oblim HafJeHb HPOHHKAOLINE KABYMKH,
a TOJPKO KUBYMKH, LpPUCTaBIIMe K pecHMYKAM. lapTuHA cmepmmeB, HAXOTUMEX
B MBIMIEYHON U COEIMHMTELHOM TKAHM, TOMAECTBEHHA ¢ KAPTMHOH mapagMHOBHX
cpesoB (puc. 1). Hannume ;xMBYNKOB B SUATeNAN M CIUBUCTONR 000NOUKe M npucyr-
CTBUC POBHBIX, Kak Obl BHTAHYTHX KMBYMKOB B IIPOCBeTe, GJM3 IOBEPXHOCTIH
SMUTeJINA Ha NapaPuHOBHIX Cpe3aX MOMKHO OOBACHATH MEXAaHHYECKVM MX HPOTACKH-
BaHUEM HOXOM MUKpPOTOMa Ipu paspese. OXHAKO MBI II0JIaraeM, 4TO U APYTHe FKHB-
YMKA MOIYT NONAJATh HA Cpe3 B pe3ysbTaTe HAMBIBAHHA M3 IPOCBeTa AMIEBOA
BO BpeMsl yjiajieHus napaduHa Hepej OKPACKoOil, TAK KaK HAa CBeKe3aJUTHIX B 6aiibaam
npenapaTax 4acTO BCTpPedajoTcH cBOGONHO RBIGKYINNECH CHOEPMAM, a MACCHBHEIC
UX CKOLJIGHMS BCTPEYAOTCs W CPAaBHHTEHO BBICOKO HAN IUIOCKOCTHIO pa3pesa.
Kpome Toro Mul moxasamm, uro B mapaduHOBHIX Cpe3ax HAXONATCA W MePTBHe,
U JKUBBIG CICPMHMHU, — Jajke B TeX CIydYasAx, Korga GJloxku paspesaioTcd IO HANpPaB-
JIEHNUIO OT He TMOrpY;KaBIIeNcA B 9AKYJIAT IMOBEPXHOCTH MBIMIIE, OTKY/A BO3BMOMKHOCTh
MeXaHNYeCKOI0 IePeHEeceHns KMBUMKOB Ha CpPe3 XOTA M He MCKIIOYeHa, HO Mo
KpaiiHedl Mepe oTpaHmYeHa. JTOT B3IJIAT TOATBEP/KIACTCA TeM, U4TO HA IEJIIOMIN-
HOBHIX CPe3ax }XUBYMKH He BCTPeYAlOTCA HU B SLNTEJINH, HA B CIM3MCTON, HY B BUJC
CKONJICHWI HAJl YPOBHEM cpesa.

W3 nasmyus yRABINKOB B MBIIEYHON M COEAMHUTE/IBHON TKAHM HA TApPaQMHOBBIX
U 1@JITIONINTHOBHIX CPe3aX BBITEKAeT ellle 0JHa BO3MOKHOCTh MCKYCCTBEHHOTO, TIaCCHB-
HOTO TIONAJAaHUs JKUBUMKOB B TKAHNM: M MeXaHHYECKOTO, NPH paspesax CBeKeil
TKaHM Iepej (uKcamueii, m BMecTe €O BIHMTHIBAIONICHCA B TKAHb (PUKCANMOHHOIN
munrocrsio. [losromy mia cmepyromero onsita Mbl m36panu Takoi TpHeM, KOTOPHIl
NO3BOJISAN OBl MCKIIOUHTE 3T0 HOGOUHOe IeCTBHE TI'MCTOJIOTHYECKOI 06paboTk™.
Mer nexomuan U3 clieyiOero NpPefloIoKeH sA: eclIi FKUBYMKI IIPOHMKAIOT B DITH-
TeJMit ¥ B TIy63ke PACHIONOKEHHBIe MBIIIEUHBI M CEPOBHBIIl CIIOM ANICBOA B Pe3yilb-
Tare aKTUBHOTO JBMKEHWsI, Mbl MOEM NONBITAThCA HAHTH WUX TaM, He NPUMeHSs
nepen B3ATHEM 00pasmoB Kakux OBl TO HM GBIJIO BMENIATeNLCTB WJIM PEAreHTOB.
Pesynpratet s1oro ommita: T. e. ycTaHOBIEHHOe HAMH OTCYTCTBHE SKMBUNKOB B 3THX
CIOAIX ANMEBOA Y BceX 3 Kyp, KaK M WX OTCYTCTBME B IPOCBeTe AMCTAIIBHOM TperH
CEKPETOPHOM YacTH SHNEeBOfA KyPUIEl, oceMeRennoil 3a 20 wan 10 MuH. A0 ymepm-
BJIGHHS, — JIOKA3BIBAIOT MCKYCCTBEHHBI XapaKTep, BO-NEPBHIX, MONAJAHUA CIep-
MHUEB B MBIIIEYHYI0O W COCMHEHUTENILHYIO TKAHb Ha WapPadUHOBLIX U HEJIONIMHOBHIX
Cpesax, a BO-BTOPHIX, U HAJIMYMUSA CHePMUEB B IapaguHOBHIX ¢pe3aX MPOKCHMAIIBHBIX
YYaCTKOB SINeBOfa W CTPOMBI ANYHMKA KYpPHUIBl, yObuToii uepes 10 mum. mocme
OCeMEHEHNs, — TaK KAK 32 TAKON KOPOTKHUI CPOK KUBYHKE He COCOOHB IPOHMKHEYTH
TaK BBICOKO BJOJIb MOJIOBOTO TPAaKTa KypHIkl. BepositHO, 37lech chirpaiu podib Te ke
(aKTOpBI, KAK M TPH MONENA ONBITA, KOTAA MH (UKCHPOBAIN MBIINY B ¢opmMoe
¢ mpubaBleHneM dAKYIATAa U KOIAA B NE/VIOWIMHOBOM Cpe3e TOke OLUIM HaleHbI
suBynkn (pue. 8). OTpunatenbHbC pe3yIbTaTH Aaja, HAKOHEN, 1 06paboTKa in toto
ALEBONIOB Mblmell ¥ Kpwic (puc. 3), TPU KOTOPOH MCKIIOYAETCA W BIABIWBAHIC
CliepMieB B CPe3bl HOJKOM, M MX BCACHIBAHHE B ME/KTKAHCBEIE LICIIN.

UToGbr IPOBEPUTH MEXaHU3M TIACCHBHOTO BHECCHMSA MKUBUAKOB B TKAHM, MBI TTOCTa-
BUJIN eIle [1Ba MOJIeNIBHEIX OUBITA (KPOMe YMOMAHYTOTO Yike ombiTa gurcannu B dop-
MoTle ¢ ipuCaBrieHneM 3AKyATa). Ipa nepBoM omMbITe MBI YCTAaHOBMIIN, YTO FKUBUMKIT
ITPOHMKAIOT B TKAHK TAKsKe in vitro (pme. 5), mpu BTOPOM ke yGeauanch, 4To TpaKkT-
UeCKM TaK jKe BeJYT ce0sl M MepTBEHle CHEPMHH M JAaKe KPOIMUYBH DPUTPOHUTHI
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(pmc. 6, 7). Pasnuna 3fech TONBKO KOJIMYeCTBEHHAs: MEDPTBBIX CliepMHEB B cpe3ax
HAXOQMTCA TrOPas3fg0 MeHbINe, 4YeM JKMABEIX. JTa pa3HHUIA OOBAcHAETCA TeM, 4TO
JKUBUAKY, YOUTHE (POpPMOJIOM ¥ BIHMTABINKECS B Me;KTKaHeBple NPOCTPAHCTBA TIPH
nocnepywiieit 06paboTre (TIaBHHIM 06pasoM, NPOMEIBKe), Oonbmeidl YacThio CHOBA
BHIMBIBAIOTCA, TOTJ[A KAK JHUBBIE CIHOPMUM, MOABepramiiiecd MaccOBOH KOATyIAnUN
TOIBKO 1O flelicTBHEM GUKCHpYyIomell sKunKocTy, He BhiMbiBaoTeA. [lonTBepskiennem
3TOro Mor OBl CILYKUTH U TOT (AKT, YTO ¥ SPUTPONUTOB M3 MUTPATHON KPOBH HaXO-
IuTCA B TKAHAX TOPasgo Gonbmie, YyeM yOUTHIX sKWBYMKOB. MBI IojlaraeM IoaTOMY,
YTO BO BCEX CJIy4aAX MeJI0 MeT JIAIb O MACCHBHOM JABHKCHUY JKUBUMKOB, — 0e3-
PasMYHO, JKUBHIX WiK youTHX. HarkoHel, KOCBeHHBIM J0Ka3aTeIbCTBOM He B IOJIb3Y
AKTHBHOTO NPOHHKHOBEHWS JKMABYMKOB B TKAHM TIOJIOBOTO TPAKTa CaMEM in vivo
ABJsIeTCA, OBITH MOMKET, ¥ TO, YTO B HTUX TKAHAX He OBIBaeT IEJJIOJIAPHOM PeaKuu.
Tak Kar Ipu MOAKOKHOM BBEICHUY CIIepMUeB TaKad Peaknud U aronuros KMBUNKOB,
nellcTBUTENIBHO, HabimonaloTes (puc. 4), MOsKHO ObLIO OBl OXKANATH, YTO AHAJOTHYHAA
peaKnnA HACTYIUT ¥ B TKAHAX HOJOBOTO TPAKTA.

Hannsie Kohlbrugge (1910, 1911), maxommpmero cuoepMuM B B3UHMTEIUU MATKH
V Pa3JInuHBIX KUBOTHBIX, KpUTHKOBAJ yie Sobotta (1911, 1920). Uerounnk omubor
Kohlbrugge ou Bugen B seilkonpuTax, NUKHOTHYecKue Axpa KoTopwhix Kohlbrugge
OPUHEMAJ 34 YBeJWYEHHBIC TOJOBKH clepMueB. OIHAKO TJIABHBIM HENOCTATKOM
pabor Kohlbrugge u spyrux nmutupyeMslx HaMH aBTOPOB Obilla, Kak KajKercs, Iipu-
MeHsBIIasicd UMM MeTOIMKa 3ajuBKu B mapaguu. Taxum obpasom, y Kohlbrugge,
feccropHO, pedb HAET O NBYMKAX, HCKYCCTBEHHO IPUBHECEHHBIX B THAHU.

Hamu uepseie onsite ¢ kypamu (BofitmmkoBa 1959) ¢ npumeHenyeM 3ajldiBKY
B mMapaduE IpuUBe/id HAC K TAKUM Ke BBIBOJAM, KaKue CHeJlalli U OCTajbHble HUTH-
pyembie aBropsl. K psamy HecooTBercTBMil, KOTOPHIX HMKTO M3 HHX He OOBACHUII,
NPUHAJJICHKUT, HATIP., W TO, YTO HEBO3MOKHO, YTOObI CIIEPMHU TaK GBICTPO NMPOJBM-
rajimch N0 AHNeBony M ysxe vyepes 10 MuH. mocie ¢JIYYKN MOMAfaji B CTEHKM TIOJIO-
BOTO TPAaKTa: [BYKeHHe HUBYMKOB IPOJOJIKAETCH OOBIKHOBEHHO HECKOJIBKO 4acoB,
npeske 4eM OHM NOXOAAT N0 aAiuna (2—4—8 wacor y oBenm — Dauzier, Winten-
berger 1952, Buisson, Dauzier 1955; 4 waca y kpomaxa — Chang 1951). Kohl-
brugge (1910, 1911) n Pennxn (1950, 1951, 1953, 1955) Habnofanu, Kak u Mel, B Dapa-
PUHOBBIX cpe3ax CIePMMH, HANPaBIALIAECAd K IOBEePXHOCTH 3INUTEJUST HId
npoHuKaoume B snutesui. [lo mosony ciroB I'eAnHa, 9TO B 51IMTEJIUN KUBUUKA BCTPE-
YaKTCH PENKO, HO BaTO B COCMMHUTEJILHON U MBIMIEYHOH TKAHM — B 0OJIBIAX KOJIH-
4ecTBaX, MOMKHO CKa3aTh TOMBKO TO, 4TO PABIIMYHA B KOJINUECTBE KABUNKOB, 3aHECOH-
HEIX Ha CPe3 U3 MPOCBeTa HOMKOM, M #KHBYNKOB, BOUTABIINXCA B MesKTKAaHEBBIE 11[eJIH,
BIIOJIHE TNIOHATHBI, KAK MBI DOKA3a/iM Ha MOJesu onblta. Yro Kacaerca yTpaThl Hiry-
THKOB, AKOOL HacTylaiouiedl NPy NPOHUKHOBEHWH JKABYNKOB B TKaHM, CJEAyeT
38MEeTHUTD, YTO COEPMUHU CO JKTYTHKAMH M Ge3 HUX MORHO HAMTH B IIPOCBETE HOJIOBOTO
TPaKTa CAMOK OYeHb CKOPO Iocjle CIIYUKH.

Nprunny wabmonasmeiica 'eHnHEIM ¢parMeHTaluy JKHBYMKOB B TKAHAX (1o ero
MHEHUIO, OHM SKOOBI 3aKOHOMEPHO TepAIT Ty 9YacTh TOJIOBKH, KOTOPasd B MOMEHT
IIPOHMKHOBEHMSA HANPABIeHa K HIMTENINI0) JIerKO OTKPHITH B TOM, UTO (parMeHTanus
TOJIOBOK HACTYNAeT yiKe B IPOCBETE, TAK YTO CPe/ll jKNBYMKOB, 3aHECEHHBIX B THAHU
13 TPOCBEeTa, JOJIKHBEI BCTPEYAThCS caMmbie pasHooOpasubie 0GIOMKH.

Pesyasrarsr onsrtoB ['enmHa ¢ TPOHHKHOBEHHEM KMBYMKOB B pasiuyHbie TKAHK
in vitro 310 TO’Ke apredaKTH, KaK MHl yiKe NMOKa3aJH.

«JloKazaTesIbCTBOY NMPHCYTCTBUS JKMBYNKOB B CTeHKAX MATKM IyTeM ONpeesieHud
THaJypOHUAA3k Toxe ocHoBano Ha apredaxre. Apropst (I{umep u Temun 1952)
paspesasm MaTKy OCEMEHEHHBIX MBIMel Ha HECKOJBKO dacTeil, IPOMBIBAJINM WX TaK
JI0JITO, TIOKA B HOCJIeHUX ABYX QPAKIEAX JKUIKOCTH JJIA IPOMBIBARNA yiKe He OHIO
yuBunKoB. Ho aTuM oOHHE He TOJIBKO He MCKIIOYHIIN BO3MOKHOCTH, YTO PSAJ| }KABYNKOB
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IPHCTABAJ K 9UHUTEJIMIO, HO, IVIABHEIM 00pa30M, MeXaHHYEeCKH BJABIIMBAJIM )KABYNKA
B CTeHKH MAaTKH TIDA ee JieJleHMH, a TaKKe [eJlajli BO3MOKHBIM IHPOHMKHOBeHVE
KUBYMKOB U3 KUIKOCTH AJIA IPOMHBIBaHMsA B MesKTKaHeBue menun. Camo coboi, Tak
H0JLy9ajics NOJIOFKUTEINIbHEI IHarHo3 I'HaJlypPOHUIAsH B CTEHKAX MATKH,

Temeps ocraercA BONpPOC, 4TO IPOHCXORMUT € HEOIJIOAOTBOPSIONIMME JKABYAKAMEA
B NOJIOBOM TPAaKTe CaMKH. JTOTO Bompoca Kacaercs Sobotta (1920), woropmitl mop-
4epKMBaeT posib GaromUTHPYIOMMUX KIETOK B NOJOBOM Ipollecce M OTMedYaeT, UTO
4epe3 HeCKOJIBKO YacoB IOcie CAYYKH Y MEIMed HacTynaeT MHTEHCHBHEIM JIeHKOIUTO3
U MaccHl JIGHKONUTOB TPOJABUTAIOTCA Yepe3 SIMTENM MATKM B NPOCBET, B KOTOPOM
HaxoputeA 5aAKyAAT. [lo MEeHHIO 3TOrO aBTOpA, JIEHKOMUTH Y MEIMEH ParoqaTAPYIOT
JKHBYHKOB, OJHAKO 9TOT GaronmuTo3 Urpaer JIAMb He3HAYHTEJBLHYIO POIb NIPH yCTpa-
HeHWW 3KMBYMKOB, KOTOPHe B (osbIIel CBOEH 4acTH BHIEJAIOTCS 4epe3 BIaralldiie.

Iannbie Sobotta 0 cOCTOAHMM MOJOBHX UyTeil y MbImeil Hocje ciyd4KH TOATBEp-
#paoT Habmonenusa Konigstein-a (1908), koTopii ogaako, B otamune ot Sobotta, nou-
YepKABaeT 3HaueHNe JIeHKONUTOB IJIA yAaJeHNs JKUBIAKOB U3 NATKH, a TAKKe TaHHbe
[Toma 1 Mapsa (1929). Kocsennoe mokasaTtenscTBo pe3opfuum crepMueB HPHBOIAT
rakme Moxter (unt. mo Kohlbrugge 1910), uMMyHusupoBaBmuil sKUBOTHBIX KHBYA-
KaMu APYTHMX ;KABOTHEIX. Horma oH mOTOM CHOBa BIPHICKHBAJ 3THM JKMBOTHHIM
9YKEPOIHEIX KMBYMKOB B IOJIOCTH OPIOMAHEI, KUBYMKHM HEMEMJIEHHO NOrubaiiu.
Waldstein u Ekler (1913) taxme npuBogar 6uosiorndeckoe A0Ka3aTeIbCTBO Pe3op6-
OUE clepMueB opraHuaMoM caMxu. OHH yCTAHOBUIHM, YTO B KPOBH KpPOJIMKA HOP-
MajbHO OTCYTCTBYIOT ¢)epMEHTH, KOTOPHe pas3pymamT THaHbL testes, ogHako depes
HEeCKOJIBKO 9acoB Noclle CAYYKM B KPOBH CaMOK HoABJIAeTcA (epMeHT, KOTOPHIH
crenn@uUecKn feicTByeT Ha TeCTUKYIAPHYIO TKaHb. C0COGHOCTH KPOBH pa3pymars
testes coxpaHseTca B TedeHMe Bcero nepuoia GepeMeHHOCTH ¥ BIJIOTH 0 puerperium.
Ecnu se mocne ciyuxu 6epemeRHOCT He HACTYNAET, MOJOKATENbHASA PEAKIAA KPOBH
depe3 2 Heflen: yracaer. '

Taxum o6pasom, TeseroHmsi, KCEHMM W TeTepOCIePMAUsI, KOTOPHE HA OCHOBAHUK
HAXOMEHNA FKUBYNKOB, NPOHUKINX B COMAaTHYeCKHe THKAHM IIOJOBOIO TpakKTa
CaMOK CYHMTAJMCh yiKe OOBACHEHHHIMH, TAK YTO OCTABAaJOCh TOJNBKO BHIACHATH MX
MeXaHM3M, — € TOUKH 3PeHHs HAMNX AAHHHIX ONATH CTAHOBATCA HescHeMH. Ecmm
OHU [leHCTBHTENBHO CYMIECTBYIOT, TO, MOBAAMMOMY, MOTYT NMETh TOJBKO ABe IPU-
YMHH: WM BJNAHHe pasBUBalomierocd IUIofa HA MAaTKy, WY BIWAHNE pe30pOn-
PYeMEIX KMBYMKOB Ha ee Meraboam3M. B cBoell ciegyomeii pabore MBI IOIBITaeMcH
peImuTs 3TOT BOIPOC.

Peswonmue

1. Cnepmun, momajammmue TpH NOJOBOM Tpomecce B TOJIOBHE NYTH CaAMKM, He
TIPOHHKAIOT B ee TKAaHHU, a NOBUIUMOMY, B Gojibmedl cBoell yactH GaromurupyioTca.
Mp He mcciremoBasnu Hu cmocoba ¥ TedeHHs (aromuTosa, HA CYABOB (Parommri-
PYIOIIUX 3JIEMEHTOB.

2. }HI/IB‘{PIKI/I, KOTOPbIe BCTPEYaIOTCA B TKAHAX IOJIOBBIX IIYTeﬁ CaMKHn, 3aHOCATCHA
CIOIa HUCKYCCTBEHHBIM IIyTEM.

3. ApredaKThH BO3HMKAOT NPHU TUCTOJNOTHYeCKON 06paboTKe TKaHeH IOJIOBOIO
TPaKTa, a UMeHHO:

a) MexaHWYeCKH, IPH pasfejleHMM OPrasoB n0 ¢uKcaumumu Ha OJIOKH TpebyeMom
BEJINUHHH,

6) nyTeM BOUTHIBAHAA CIIEPMUEB BMecTe ¢ (UKCHPYIOIISH M JPYTHMH KUIKOCTAMH,
¢ KOTOpaMHE 6JIOK IPAXORHT B CONPUKOCHOBeHHe IPH I'MCTOJOTMYeCKOH o6paboTke;
B) MeXaHWYeCKH, IPH pa3pe3aHWM NapaguHOBHX OJIOKOB HOMKOM MHKPOTOMA;
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I) HAMBIBAHIEM FRUBYMKOB M3 MPOCBETa IPH yAaJeHuM mapaduna mepes OKpacKoMH
CPEe30B.

4. BosHUKAOWUX OIMCAHHBIMA CHOCOGAME apTeaKTOB MOIKHO H36eKATh TOIBKO
upn o6paGoTKe n 3ajMBKEe OPraHOB B HeJJIOHAXH in toto.

(Taba. XXI, XXII, XXII1I)
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The Question of the Participation of Non-fertilising Sperms
in the Sexual Process

M. VOIJTISKOVA

Summary

The finding of sperms in paraffin sections of the genital tract of the female (Her-
werden 1905, Kohlbrugge 1910, 1911, Genin 1950, 1951, 1952, 1953, 1955, Chury
et al. 1954, Vojtiskova 1955) led to the conclusion that there is a causal relationship
between the phenomena of telegony and xenia and also, partially, heterospermia
(Sarkisjan 1952, Kusner 1954) and penetration of the sperms into the somatic tissues
of the genital tract of the female.

These positive findings were subjected to re-examination by further methods and
in a series of model experiments, the results of which indicate that our own positive
findings and those of the other authors cited above are artefacts, which develop
during the making of the histological preparations.

Experimental Section

IA. The genital tract of a hen, artificially inseminated (Seiden 1947, Orel 1949) five times, from
26 hours to 10 minutes before killing, was treated histologically, partly by embedding in paraffin, partly
in celloidin.

B. In three hens, two of which were inseminated four times' (four hours to 10 minutes) and one, twice
(20 and 10 minutes) before killing, the following procedure was carried out: all the hens were operated
on under urethane-barbital narcosis (10 g. urethane, 0.75 g. barbituric acid, 100 ml. H,0), administered
intraperitoneally, from two to three hours before the operation. After laparotomy, the loop of the
oviduct was double ligatured in the secretory part. Ligaturing was carried out with double silk thread
over a thick strip of gauze (fig.2), the first ligature being applied at site 1 and the second, joint, ligature at
sites 2 and 3. On the second day after operation all three hens were artificially inseminated. After the
hens had been killed, minute portions of tissue were taken from the surface of the uterus and the
isthmus using fine scissors or fine hooked forceps, and crushed on a slide. The instruments were changed
the making of each preparation. Finally, the lumen of the oviduct was opened and smears were made by
applying a slide to the mucous membrane.

II. The genital tract of eight rats and one mouse, in which sperms were found in vaginal smears after
coitus, were treated in toto (vagina, both horns of uterus and ovaries) by embedding in celloidin.

IITA. 0.5 ml. of a washed suspension of sperms from a Leghorn cock in physiological saline were injected
subcutaneously into four guinea fowl. The guinea fowl were killed after 1, 6, 4 and 48 hours, and the skin
folds were examined histologically (paraffin sections).

B. Hen skeletal muscle was dipped for one third of its length into an ejaculate of living sperms and
also into an ejaculate of sperms which had been killed with 89, formol. Part of the muscles were embedded
in paraffin and part in celloidin.

C. After being steeped for two hours in citrated rabbit blood, hen muscle was treated by embedding
in celloidin.

D. Hen muscle was normally fixed on 109 formol to which fresh ejaculate had been added (0.5 ml.
ejaculate/100 ml. 109, formol) and treated further by embedding in celloidin.

Results and Discussion

The main difference between the picture in paraffin and celloidin sections of the
genital tract of the inseminated hen is the absence of sperms in the epithelium and
mucous membrane in the celloidin sections. In contrast to paraffin sections, no
penetrating sperms were found in celloidin sections but only sperms adhering to the
cilia. The findings of sperms in the muscles and connective tissue, however, are the
same as those in paraffin sections (fig. 1). The finding of sperms in the epithelium and
mucous membrane and of straightened sperms in the lumen near the surface of the
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epithelium in paraffin sections can be explained by mechanical transfer by the
microtome on cutting the sections. We also postulate however that further sperms
can get on to the section by being washed out from the lumen on dissolving the
paraffin before staining, since in preparations freshly mounted in balsam we often
find freely moving sperms and also, relatively high above the level of the sections,
there are massive aggregates of sperms. We further showed that there were dead and
living sperms in paraffin sections, even when the blocks were cut from a muscle
which had not been immersed in ejaculate, so that the possibility of a mechanical
transfer on to the section was not actually excluded but was at least decreased.
This is confirmed by findings in celloidin sections in which there were no sperms in the
epithelium, or the mucous membrane or in aggregates above the level of the section.

The finding of sperms in muscle and connective tissue in paraffin and celloidin
sections, however, indicates the further possibility of artefacts arising from the
passive mechanical transfer of sperms into the tissue on separating the fresh tissue
before fixing and also by sperms being drawn into the tissue with the fixing fluid.
In a further experiment we therefore selected a method which would exclude all
such effects of histological elaboration. Our reasoning was based in the following
assumption: If the sperms make their way into the epithelium and the deeper
layers of the oviduct, i.e. the musculature and the serosa, by active movement we
should attempt to find them there without the use of any histological reagents
before actually preparing the material. The result of this experiment, that is to say,
absence of sperms in the layers of the oviduct mentioned above, in all three hens,
and absence of sperms in the lumen of the distal third of the secretory part of the
oviduct of a hen inseminated 20 and 10 minutes before killing, demonstrates both
the artificial character of the finding of sperms in the musculature and connective
tissue in the paraffin and celloidin sections and also that the finding of sperms in
the proximal parts of the oviduct and in the stroma of the ovary of a hen killed ten
minutes after insemination, which were treated by embedding in paraffin, is also an
artefact since it is impossible for the sperms to travel so far up the genital tract of the
hen in so short a time. Perhaps the same factors were active in this case in the model
experiment in which the muscle was fixed in formol to which ejaculate had been
added and in which sperms were also found in celloidin sections (fig. 8). There were
also negative results with the elaboration of the oviducts of the mouse and ratsin
toto (fig. 3), in which the possibility of transfer of the sperms into sections by the
microtome and the indrawing of sperms into the tissue spaces was excluded.

In order to confirm the mechanism of the passive transfer of sperms into the
tissues, further model experiments were carried out (in addition to the experiment
already desribed with fixing in formol to which ejaculate had been added). In the
first experiment it was found that sperms also penetrate into the tissues in vitro
(fig. 5). In the second it was found that dead sperms and even rabbit erythrocytes
behave in very much the same way (fig. 6, 7). The differences are only quantitative —
far fewer dead sperms are found in a section than living sperms. This difference is
explained by the postulation that most of the sperms which have been killed by
formol and drawn into the tissue spaces are washed out in the subsequent processes
(chiefly washing), whereas the living sperms which are coagulated in masses by the
fixing fluid are not washed out.This assumption is supported by the fact that far
more erythrocytes from the citrated blood are found in the tissue than dead sperms.
It is therefore assumed that in all cases the movement of the sperms is passive, and
that it makes no difference whether they are alive or dead. Lastly, indirect evidence
against the active penetration of sperms into the tissues of the genital tract of the
female in vivo is provided by the fact that no cellular reaction takes place in these
tissues. Since such a reaction actually does take place on the subcutaneous injection
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of sperms, which undergo slight phagocytosis (fig. 4) a similar reaction might have
been expected, by analogy, in the tissues of the genital tract.

Kohlbrugge’s results (1910, 1911) on the finding of sperms in the epithelium of the
uterus in various animals were early subjected to criticism by Sobotta (1911, 1920),
who thought that the source of all Kohlbrugge’s errors was to be found in the
leucocytes, the pyknotic nuclei of which Kohlbrugge apparently regarded as the
thickened heads of sperms. It would appear, that the main weakness of Kohlbrugge’s
work and of the work of the other authors cited was the use of embedding in paraffin.
In Kohlbrugge’s case also, therefore, sperms had evidently been transferred into the
tissues as artefacts.

The first experiments carried out by us in hens (Vojtiskové 1955) using embedding
in paraffin, led us to the same conclusions as those of the other authors cited. One
of the inconsistencies which were never adequately explained, is the fact that it is
impossible for sperms to travel so rapidly up the oviduct as to penetrate the walls
of the genital tract as early as 10 minutes after coitus; as a rule it takes several hours
for the sperms to reach the ovum (2—4—8 hours in the sheep—Dauzier, Winten-
berger 1952, Buisson, Dauzier 1955; 4 hours in the rabbit—Chang 1951).

Kohlbrugge (1910, 1911) and Genin (1950, 1951, 1952, 1953, 1955) also observed,
as we did, in paraffin sections, sperms directed towards the surface of the epithelium
or penetrating into it. With reference Genin’s conclusion that the sperms are rarely
observed in the epithelium but that they are found in large numbers in the connective
tissue and muscle, it may be said that there is understandably a disproportion be-
tween the number of sperms which are introduced into the section from the lumen by
the microtome and the number drawn into the tissue spaces, as shown in the model
experiment. With reference to the loss of the flagellae, which is assumed to occur, on
penetration of the sperms into the tissue, it must be objected that sperms with and
without flagellae can be found in the lumen of the genital tract of the female shortly
after coitus.

The cause of Genin’s findings of fragmented sperms (according to him the sperms
are bound to lose the part of the head which at the moment of penetration is directed
to the epithelium), can easily be explained by the fact that fragmentation of the
heads already takes place in the lumen and since the sperms in the tissue are sperms
which have been forced in from the lumen, they will include all possible types of
fragments.

The results of Genin’s experiments on penetration of sperms into various tissues
in vitro are also artefacts, as has already been demonstrated by us.

The ““proof™ of the presence of sperms in the wall of the uterus by a demonstration
of hyaluronidase is also based on an artefact. The authors (Ciper and Genin 1952)
sliced the uteri of inseminated mice into a number of parts and washed them until
there were no sperms in the last two fractions of the washing solution. By doing this
they not only failed to exclude the possibility of a number of sperms still adhering to
the epithelium, but what is more, on slicing the uteri they transferred sperms mecha-
nically into the walls and made it possible for the sperms to be drawn into the tissue
spaces from the washing solution. The positive finding of hyaluronidase in the wall
of the uterus was therefore a logical result.

There still remains the question as to what happens to non-fertilising sperms in the
genital tract of the female. This question was touched on by Sobotta (1920) who
emphasized the part played by phagocytic cells in the sexual process and stated that
a few hours after coitus in mice intensive leucocytosis occurred and that masses of
leucocytes made their way through the uterine epithelium into the lumen which
contained the ejaculate. In mice, leucocytes do actually phagocytose sperms but
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according to Sobotta the participation of this phagocytosis in eliminating the
sperms is not significant but that the latter are for the most part lost via the vagina.

Sobotta’s results on the conditions in the genital tract in mice following coitus
were later confirmed by the results of Konigstein (1908), who, however, in contrast
to Sobotta, laid great stress on the role of leucocytes in remoying sperms from the
uterus; Sobotta’s results were also confirmed by Popa and Marza (1929). Indirect
evidence on the absorption of sperms was also given by Moxter (cited by Kohlbrugge
1910) who immunised animals with the ejaculate of other animals. When these
animals were injected intraperitoneally with foreign sperms, the latter immediately
perished. Waldstein and Ekler (1913) also bring biological evidence of the absorption
of ejaculate by the female organism. They found that no ferments capable of breaking
down testicular tissue are normally present in female rabbit blood. A few hours
after coitus, however, a ferment appears in the blood, which acts specifically on
testicular tissue. The blood retains this ability throughout pregnancy and into the
puerperium. If pregnancy does not occur after coitus the positive reaction of the
blood is lost after 14 days.

Telegony, xenia and heterospermia which were already regarded as having been
explained on the basis of findings of the penetration of sperms into the somatic
tissues of the genital tract of the female, of which only the mechanism remained to
be explained, are therefore, as far as our findings are concerned, once again obscure.
If they actually do exist then they can only have two possible causes: the effect of
the developing foetus on the mother or the effect of the absorption of sperms on the
metabolism of the female. An attempt will be made to resolve these problems
in further work.

Conclusions

1. Sperms which enter the genital tract of the female in the sexual process do not
penetrate into the tissues but are to a great extent phagocytosed. The manner of
action, the time relationship and the fate of the phagocytosing elements was not
observed.

2. The sperms found in the tissues of the genital tract of the of the female are
artefacts. ;

3. Artefacts develop during the histological treatment of the genital tract as
follows:
a) Mechanically, on slicing the organs into blocks of suitable size before fixing,
b) By the indrawing of sperms together with the fixing fluid and others with which
the block comes in contact in the course of histological elaboration,
¢) Mechanically, on making sections from paraffin blocks with a microtome,
d) By the flooding out of sperms from the lumen on dissolving the paraffin before
staining the sections.
4. The development of artefacts in the manner described above can be avoided
only by treating the organs in toto and by embedding in celloidin, also in toto.

(Plates XXI, XXI1, XXIII)
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A description was given, in an earlier communication, of depression of the immu-
ne response in hens, embryonal parabionts, which during embryogenesis exchanged
their blood (Ha$ek 1953). This adaptation to a foreign antigen was termed immuno-
logical approximation. The degree of immunological approximation against the
blood cells of other species is usually much weaker and sometimes no decrease in the
ability to form antibodies is found. Hanan and Oyama (1954), however, succeeded
in obtaining immunological areactivity, even to a distant antigen, by the repeated
administration of equine albumin to newborn rabbits.

In the present communication the following questions are resolved: 1. whether
immunological approximation can be evoked in ducks by an intra-embryonal in-
jection of hen blood and 2. whether the same influencing of immunological areacti-
vity described by Hanan and Oyama can also be evoked against blood cells of a
distant species.

The experimental animals were divided into four groups: the first group was
given only one intravenous injection during embryogenesis (tab. 1, series I), the
second group was given one intravenous injection during embryogenesis and a series
of post-embryonal injections after hatching (tab. 1, series II), the third group was
given only a series of post-embryonal injections (tab. 1, series I1I) and the fourth
group consisted of control animals which had received no injections prior to immu-
nisation at the age of eight weeks (tab. 1, series IV). A further group contained
ducks, which received a series of injections at adult age (tab. 2).

Methods

Embryonal Injections: 15-day-old duck embryos received an intravenous injection of 0.3 ml. of fresh
citrated hen blood (1 part 3.89, sodium citrate to 9 parts blood).

Post-embryonal Injections: Ducks were injected from the first, second, third, etc. day after hatching
(some on alternate days, others every fifth day), with fresh citrated hen blood from various donors,
which was administered into the leg vein in doses of 5 X 0.3ml. 5 X 0.4 ml, 5x 0.5ml. ete., for
a period of four to eight weeks. Control birds of the same age were given injections for the first time at
the age of eight weeks, when all the ducks were immunised with four doses of 1.5 ml. hen blood admi-
nistered intravenously on alternate days. Blood was collected on the 5th and 10th day after the last
injection. After a further 2—3 weeks the birds were reimmunised with a further four doses of 1.5 ml.
hen blood administered intravenously on alternate days. In some birds, turkey blood was administered
together with hen blood on reimmunisation (1.5 ml. 4+ 1.5ml. 4X). Adult ducks received a series of
injections of 1 ml. hen blood and four doses of 1.5 ml. administered intravenously on alternate days.
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Agglutination Tests: One drop of 29, suspension of erythrocytes, washed three times in physiological
saline, was added to two drops of duck serum. The reaction was read off after 5, 30 and 60 minutes at
room temperature. The titre given in the tables is the inverted value of the last dilution of the serum,
in which discernible agglutination was found after 60 minutes.

Blood Transfusions: 80 ml. blood were collected from ducks and 100 ml. citrated blood were then
injected slowly into the leg vein.

Results

1. Ducks injected intra-embryonally with hen blood formed immune hetero-
agglutinins at the age of eight weeks in a titre actually insignificantly higher than
the control birds (tab. 1, series I and IV). There was a significant difference between
them after the first immunisation (t = 2.56, P < 0.02), but this was no longer found
after reimmunisation (t = 1.42, P > 0.10). Immunological approximation was not,
therefore, found in ducks as a result of a single intra-embryonal injection.

2. In ducks in which the repeated, prolonged injection of hen blood in the post-
natal period was commenced shortly after hatching, a substantial decrease occurred
in the formation of immune agglutinins. After the first immunisation series with hen
blood, which was carried out at the age of exactly eight weeks, agglutinin titres were
found both in ducks injected intra-embryonally and later in the post-natal period
(tab. 1, series II) and also in ducks injected only in the post-natal period (tab. 1,
series I1I), at the level of the natural heteroagglutinins found in the control ducks
before immunisation (difference not demostrable, t — 0.821, P > 0.3). Although
a protein medium (209, equine serum albumin) was used as a replacement
for normal saline no differences were found in the titres. A comparison
of these two groups of ducks — those injected post-natally and the control
group—after the first immunisation (tab. 1, series IV), shows a statistically
demonstrable difference (t = 6.29, P < 0.001). After reimmunisation the difference
was still maintained. In all ducks in which the injections were commenced up to
the fourth day after hatching, the titres remained at the level of natural hetero-
agglutinins. In two ducks out of four which were given a series of post-embryonal
injections, commencing on the fifth day after hatching, an increase in the titre was
found following reimmunisation, which varied within the limits of the titres in the
control birds.

3. In adult ducks (tab. 2), which were given a similar series of repeated injections
over a long period, as in the newborn birds, no decrease was found in the formation
of immune agglutinins as compared with the controls (t = 0.654, P > 0.5] < 0.7).

4. The influencing of reactivity appears to be specific for species, as in the case
of immunological approximation between species. If the birds were immunised
simultaneously with hen and turkey blood cells, the ducks which had been given
injections over a long period normally formed immune heteroagglutinins against the
turkey cells, but showed no increase in the titre of heteroagglutinins against the hen
cells (tab. 3).

5. The ducks used in our experiments were developed to approximately the same
degree. In evaluating the weight of all the two-month-old ducks used, no statistically
demonstrable difference was found in the weight of the individual groups (series
I—III) and the control group (series IV)—(L.t = 1.07, P = 0.30, IL. t = 0.169,
P > 0.80, IIL. t = 0.4, P = 0.7).

6. The transfusion of a large amount of hen blood (100 ml.) to ducks in which
reactivity had been influenced (Nos. 373 and 389 from group II) led to a decrease in
the titre of heteroagglutinins to zero immediately after the transfusion, and in birds
injected over a long period then reached the original values. In the controls the titre
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Table 1.
Day on | No. ofinjs., inter- . Titres
No. of |Which po- vals and total Titres Titres after before aftor
Group: birds: | 5% embr. amt. of blood before after reimm. at i T
*  |injs. com- admin. before imunisation at 8 weeks 12—13 weeks further reimmunisation
menced: immunisation at age
I. Ducks inj.i.v.
with 0.3 ml. hen 1,2,2*2 64, 32, 16* 64, 32, 64,* 1* 32%
blood in embryo- 1,2,1,1, 64,8, 16, 64 64, 64, 64,
genesis (15th 11 - _ 2,2,1 32,8, 8, 64 64, 64,32, 20 woeks
day) 8, 64
II. Ducks inj. 1 1 |22, alt. days, 8.2 ml. 1 1 1 T 2(2) 2(2)
i. v. with 0.3 ml. 6 2 22, alt. days, 8.2 ml.| 1,2,1,2 1,2,2, 1,1 1,1,2,1,1,1 T 2(2) 2(2)
hen blood in 2,1 1 27 weeks
embryogen. and 8 3 22, alt. days, 8.2ml.| 1,2,2,2,2 1,2,2,2,2, 1,2,2,2,2
series of post- 1l,ev.5days, 7.5 ml.| 2,%8,2 1,*4,1 2,%2,2 R 2% 8%
embr. inj. after 2 4 22, alt. days, 8,2ml.} 1,1 1,2 1,2 33 weeks
hatching
III. Ducks given 8 1 24, alt.days, 10.2ml,| 1,2,2,1,1 1,2,1,2,2 1,2,1,2,2 R 2% 2*
geries of post- 11, alt. days, 3.5 ml.| 2,1, 2* 2,2,2% 1,1, 1*
embryonal 2 2. {11, alt. days, 3.5 ml.| 4,8 2,1 2,1 33 weeks
injections 1 3 11, alt. days, 7.6 mL] 4° 0° 2° 2° 20 weeks 2°
1 4 11,ev.5days, 7.5ml,| 2% o* 2% 2% 25 weeks 2%
4 5 11, alt. days, 3.5 ml.| 2,4,0,1° 4,2,2,2° 32,8,2,1° 2° 20 weeks 2°
IV. Control — — 2,1,1,2,1 16, 16, 8,8 32, 64, 32, 16 2% 32%
ducks 1,2,0, 1,0 16, 8, 2, 8, 4% 64, 32, 32,8 2’ 327
2,2,1,4,2” 8,1,1,2,8 32,%16%,2,4 2” 327
4" 128, 64, 128” 20 weeks
4 immun. with doses of 1.5 ml. 2 64, 64, 128
at 33 weeks 0,1,2,2 64, 32, 256 4

The last column gives the titres before and after reimmunisation in the birds denoted by the various signs in the preceding columns. A T
denotes that at the age of 22 weeks the ducks were given a transfusion of hen blood and that 40 days later (at 27 weeks) they were given four
immunisation doses of hen blood. The figures denote the titres before and after this reimmunisation and those in brackets denote the titres
before and after transfusion. An R denotes ducks which, after the second reimmunisation, were given further injections twice weekly, under
the conditions of a long-term experiment. A reimmunisation series at the age of 33 weeks and collection of blood were carried out in the same
way as in the other birds.

Approved For Release 2008/04/10 : CIA-RDP80T00246A002900500012-2



Approved For Release 2008/04/10 : CIA-RDP80T00246A002900500012-2

Table 3.
G Titre agt. hen blood cells 1‘ Titre agt. turkey blood cells
rou - - \
P Before immun. After immun. | Before immun. After immun.
Injected ducks 2,2 2.2 1,1 128,16
Controls 1,2,0,2, 32, 2, 64, 256 1,1,0,1 64, 4, 64, 128
Table 2.
Titres
Day on which| No of inj., after imm.
No. of S interval and total amt. of natural with 4 doses
Group R injection . o
birds blood administered before | hetero agglu-| 0.5 ml. hen
comenced .
immun. tinins blood on alt.
days
. l |
Ducks given series 113 15, alt. days, 15 ml. ; 2 ! 16
of injections in 4 114 15, alt. days, 15 ml. ‘ 1 | 16
. 159 30, alt. days, 30 ml. 0 16
aduls life 175 30, alt. days, 30 ml. 2 i 32
Control ducks, | 5 [ 16
adult, selected 4 . ! 1 32
at random ; 2 ! 32
! | 1 | 16
| |

fell immediately after the transfusion from the value 1:1to zero, rose again, however,
to 1:8, again fell, and after immunisation five weeks after the transfusion again
rose to 1 : 8, whereas in birds which had been receiving injections it did not change.
Hen blood cells were not demonstrated in the blood of the ducks, by means of
immune duck serum, a few hours after the transfusion.

7. In birds injected between the first and fourth day after hatching up to the age of
four or eight weeks, the same degree of effect on reactivity was found in some as long
as four months after completing the repeated post-embryonal injections (tab. 1).
In birds given a transfusion of hen blood at the age of 22 weeks, there was no change
in the titre of heteroagglutinins, even after reimmunisation at the age of 27 weeks.

Discussion

A single intra-embryonal injection of hen blood does not lead to a decrease in the
formation of immune heteroagglutinins in eight-week-old ducks; in duck embryonal
parabionts with hens, however, Halek, Hraba et al. (1955) found a significant
decrease in the formation of immune heteroagglutinins. These results corrrespond to
findings made hitherto of a difference in the effectiveness of immunological approxi-
mation following embryonal parabiosis and a single embryonal injection.

On making a comparison of the influence of intra-embryonal injections of hen blood
in ducks with the influence of the long-term administration of biood cells from other
species in post-embryogenesis, a manifest difference is found. Ducks injected with
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hen blood from birth do not form immune heteroagglutinins, after a series of
immunisation doses at the age of eight weeks, in a titre higher than that of natural
heteroagglutinins in ducks. This depression of antibody formation was found in
several ducks still under observation at the age of 27 weeks and, in birds in which
the injections had been continued, at the age of 33 weeks. Our findings following the
injection of blood cells may be compared with the results of Hanan and Oyama
(1954) in rabbits injected from birth, over a long period, with equine serum albumin,
which later did not form antibodies against this antigen. In rabbits which were not
given injections until after the age of 16 weeks, on the other hand, the authors found
permanent active immunity after 12 weeks’ administration of the antigen. Similarly,
Dixon and Maurer (1955) found specific depression of antibody formation after the
prolonged administration of large doses of heterologous plasma to rabbits from
birth, which they term ‘“‘immunological unresponsiveness’” and which was main-
tained long after all the detectable proteins had disappeared (10—11 months). They
also found protracted depression of antibody formation in adult rabbits following
repeated injections of heterologous plasma, on administering the antigen to animals
irradiated by X-ray. In six out of seven normal adult rabbits, however, they did not
succeed in producing permanent inhibition of antibody formation by means of
repeated injections. They take the view that in normal adult rabbits the development
and duration of depression of antibody formation depends on the presence in the
tissues of the antigen, which directly blocks the formation of antibodies. Johnson
(1955) also studied the effect of a large amount of equine albumin on the immunity
response in adult rabbits and in the discussion postulates that a high concentration
of antigen results in complete non-synthesis of the antibodies. These findings
correspond to those of Felton (1949), who inhibited immunity mechanisms in mice
by large doses of antigenic pneumococcal polysaccharide. What he terms “immuno-
logical paralysis” is explained today by some authors as being due to the prolonged,
persistent presence of non-metabolised antigen in the organism. Inhibition of anti-
body formation in adult animals, following on after a phase of increased antibody
formation after the long-term administration of a specified amount of antigen, was
also found by Sterzl (1956).

In our opinion, the mechanism by which areactivity develops in our ducks and also
in the experiments of Hanan and Oyama and of Dixon and Maurer, following
prolonged administration of the antigen immediataly after birth, is different from
the inhibition evoked by large doses of antigen, from adaptation to repeated irritation
on daily immunisation and from Felton’s “‘immunological paralysis”. In our view,
it is rather a matter of adaptation of the organism to the antigen in the antenatal
and immediate post-natal period (the “adaptive’” period), i.e. at a time when the
organism does not form antibodies and when immunological approximation can still
be effected. Dixon and Maurer (1955) also assume in connection with their results
in newborn rabbits, that large doses of antigen entered the body before the rabbit
acquired the capacity of producing a defence reaction. In our experiments, pro-
longed depression of antibody formation was produced against blood cells, as
compared with the results hitherto, which were obtained against dissolved proteins.
After injection, the hen blood cells were always soon destroyed. Even after a trans-
fusion of 100 ml. of hen blood, no hen blood cells were found in the blood of non-
reactive ducks after only a few hours. According to the results obtained hitherto,
as our experiment was carried out, the amount of antigen administered (3.5—10 ml.),
the number of doses (11 or 24), the period of administration of the injections (four or
eight weeks) and the intervals between the injections had no decisive influence (tab. 1).
It is, however, conspicuous that, although in 29 ducks which were given repeated
injections from the fourth day after hatching the titre after reimmunisation was not
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higher than 1 : 2, in four ducks given injections from the fifth day, the titre after
reimmunisation in two of these was the same as in the controls. The first few
injections were probably given still in the adaptive period, which in ducks is to some
extent carried over into post-foetal life, as regards tissue antigens also, as shown by an
analysis using skin homografts (Hraba, Hasek 1956). The relatively strong effect of the
repeated administration of blood as compared with asingleintra-embryonal injection
may therefore be due to the larger amount of blood which is administered in a number
of injections. The further injections may intensify immunological approximation.

Summary

Intra-embryonal and post-embryonal injections of hen blood were administered
in ducks. Specific suppression of antibody formation against foreign blood cells was
found after repeated injections of hen blood in ducks, commencing from the first to
fourth day after hatching, which still persisted four months after completing the
series of injections. After a single intra-embryonal injection of hen blood, no effect
on antibody formation in the ducks was found in post-foetal life. In our opinion,
this is an example of adaptation of the organism to the antigen in the adaptive
period, when the organism does not form antibodies and immunological approxima-
tion can still take effect.

Literature

Dixon, F. J, Maurer, P. H: Immunologic Unresponsiveness Induced by Protein
Antigens. J. Exp. Med. 101 (3) : 245, 1955,

Felton, L. D.: The Significance of Antigen in Normal Tissues. J. Immunol. 61 : 107, 1949.

Hanan, R, Oyama, J.: Inhibition of Antibody Formation in Mature Rabbits by Contact
with the Antigen at an Early Age. J. Immunol. 73 (1) : 49, 1954,

H a § e k, M.: Parabiosa ptak2 v embryonalnim vyvoji. Cs. biologie 2 : 25, 1953.

H agek, M.: The Influence of Intra-embryonal Injections of Foreign Blood on the Formation
of Antibodies. II. Observation of Reactivity in Ducks, Geese and Guinea-Fowl. Fol. biol.
(Praha) 2 : 48, 1956.

HasSek, M, Hraba, T, Benefova H., Hlavatkova H.. Imunologické
vztahy u embryonalnich parabionti mezi kachnou a slepici. 1I. Cs. biologie 4 : 135, 1955.

Hraba, T., Ha$ek, M.: Koini transplantace u jednodennich kurat, kachen a krat. Cs. bio-
logie 5 :2, 1956.

Johnson, A, G. et al.: Effect of Massive Antigen Dosage on Antigen Retention and

. Antibody Response in Rabbits. Proc. Soc. Exp. Biol. Med. 88 : 421, 1955,

Sterzl, J.: Diouhodoba imunisace. I1. Utlum tvorby protilatek pfi kaZdodenni imunisaci.
Cs. mikrobiologie 1 : 7, 1956,

Iame ®, M.: [TapaGuos nrun Bo Bpemsa smGpuonansHoro passurusa. Yei. Buomorns 2 : 29, 1953,

T'pab6a, T., Tame x, M,: FOMOTpchnnaHTaullﬂ KOMHU Yy OJHOJHEBHLIX LBINAAT, YTAT U WH-
awomar. Fol. biol. (Praha) 2 : 61, 1956,

264

Approved For Release 2008/04/10 : CIA-RDP80T00246A002900500012-2



Approved For Release 2008/04/10 : CIA-RDP80T00246A002900500012-2

Bnusnue nHTPasMOPUOHAILHBIX M MHOTOKPATHHIX 10CTAIMOPHOHAIBHAIX
BIIPEICKUBAHUII KPOBU HA 00pasoBaHue reTepoarraoTUHUHOB

B. TAIIKOBA n 3. IIOKOPHASA

Pesome

B cBoeil pa6oTe MBI pelzann BOIPOC, MOKeT JIM OHOKPATHOe BHYTPHU3apPO/BIIIEBOe
W MHOTOKpPaTHOEe NOCT3MOPHOHAJIbHOE BHYTPHBEHHOe BBeJleHNe KyDHHOW KPOBH
HOBJINATH HAa HOPMAJIbHOE 00pa3oBaHUE IeTePOArTIIOTHHHHOB y yTok. MBI ycraHo-
B, 4To: 1. Hocie BHYTpU3apoabimeBoro BBefenna 0,3 MJI KPOBH MMMYHHBIE
reTepoarrIOTHHUHLL Y YTAT B Bo3pacTe 8 Heflellb 00pa3oBaJiuCh JlajKe B HECKOIBKO
Goee BHICOKOM THTpe, 4eM B KoHTpoje. Ilocite pemMyHM3anuu MB yske He Habiio-
nanm pasaumbl (TaGn. 1); 2. MHOTOKpaTHBe JJINTeNIbHBIE BIPHICKMBAHMA KYPAHOH
KPOBH yTATaM, HaynHasA ¢ 1—4-ro gua nocie BekIeBbBannA (11—22 mo 0,3—0,6 ma
Yepes JIeHb WJIM Ha KasK/Bld J-BIid JeHb), TMONABIAIN 00pa3oBaHue aHTHTE TaK, 4TO
nocjie MMMYHU3aIUA B Bo3pacte 8 Hejlellb TUTP IeTePOArrIOTHHHHOB y OTUX YTAT
6B He BBHIe, yeM GBHIBAeT TUTP €CTECTBEHHBIX reTepoarryioTHHUHOB. ¥ 2 U3 4 yTOK,
y KOTOPHIX cepus YKOJIOB OBlJIa HauaTa Ha J-BIi eHb TOCJie BRIKJIEBBIBAHWA, HOCJIe
PeMMMYHA3AIUN TATP arriOTHHUHOB MOMHAJICA 10 YPOBHA TUTPA MMMYHHBIX arTJlio-
THHAHOB B KoHTpoJse (ta6m. 1). 3. V B3pOCHBIX YTOK HOCJIE JAJIMTEAbHBIX BBIPBICKH-
BaHMI TAKNX Ke KOJIMYEeCTB He HAOGII0Man0Ch CHMMKEHNMA 00pa’3oBaHUA HMMYHHbBIX
arTJIIOTHHHHOB B CPaBHEHHUM ¢ KoHTposeM (Tabu. 2). 4. IlpoTuB 3pHTPOMUTOB HHIIOKA
HOJONBITHEE YTKH 00pa30Bajii TeTepoarriIIOTHHAHEL B HOPMaJbHOM THTpe (Tabm. 3).
5. ITocme ogHOKpPATHOrO BBeleHUs MONONHITHHM yTkaMm 100 My KypuHoil KpoBH MBI
yepe3 HECKOJIBKO YacOB He MOTJIH OTMETHUTh NPHCYTCTBHA KYPHHBIX PHTPOLMTOB.
6. HabmomeHUsa HAX IMOTOHBITHHIME 0COGAMY IIOKAa3ajM, 4TO cHenudmieckoe yrHe-
TeHre 06pa30BAHMUA AHTHTE] y HUX COXPAHAETCA ele Yepe3 4 Mec. Imocjle OKONYaHU
cepuu YKOJOB.

B gucxycenu MBI cpaBHUBaeM pasfiMYHble TUIBL TOPMOKEHNA 00Pa30BaAHUA AHTUTEI
¢ MOJyYeHHEIMU Hamu pedyibratamu. HecmoTps Ha To, 970 OHOKpATHOE BHYTpHU-
3apOABINeBOe BBeleHNe KPOBM APYroro BUAA He BBI3BIBAJIO MMMYHOJIOTHYECKOrO
cOMMAKEeHNA, MBI [I0JIaraeM, YTo yrHeTeHue 00pa3oBaHUsA aHTHTEN IIOcCJe CepUH MOCT-
aMOPHMOHAJIBHEIX WH'BEKIUHA CBA3AHO ¢ afalTaldell opraHu3Ma Ha aHTUTeH B ajal-
THBHBIA HEPHOX, T. €. B ePUOK, KOTa OPraHM3M He crocofeH eme K 06pa3oBaHMIO
aHTHTeJI, HO ell¢ BO3MOKHO MMMYHOJorHYecKoe cOnimxenue. Cepusi YKOJIOB, M3 KO-
TOPBIX OJMH MJIM HECKOJBKO OTHOCHJIOCH eIlle K aJalTHBHOMY IepPHOAY, OKa3hIBaila
fomee 3HAuYWTebHOE [EHCTBHE.
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The transfer of tumours from one species to another is usually not successful.
As in the case of the transfer of normal tissues, the cause of this is transplantation
immunity. Various authors (Greene 1955, Ahlstrom and Bergmann, 1954,
Shrigley et al. 1945, and others) have been successful in transferring tumours
into the anterior chamber of the eye and into the brain of phylogenetically
distant species, but the success of this heterotransplantation is explained by the
special anatomical relationships in the brain and the anterior chamber of the eye.

For overcoming transplantation immunity to tumorous tissue in a heterotransplant
transfer, methods of influencing the recipient were used (e. g. the “enhancing
effect”, elicited by means of lyophilised tissues — Kallis and Borges 1952,
Snell 1954). Some findings in tumour transplantation are also closely associated
with immunological approximation. Gross (1950a, b) found that a leukaemic tumour
can be transferred from the strain A, to newborn mice of the strain C,H or C,
although it does not grow in adult mice of these strains. Following the inoculation
of one-day-old rats with a homogenate of the liver of leukaemic mice of the strain C,;,
Riman (1956, not published) observed atypical leukaemoid changes associated with
deformities in the skeleton and the finding of a tumour in the abdominal cavity.
These findings are a direct demonstration that immunological approximation
occurred during the adaptive period. They are at the same time an example of elici-
tation of immunological tolerance by means of malignant cells.

Many authors have also studied heterotransplants of virus tumours. In 1932,
des Ligneris described the positive transfer of a homogenate of Rous
sarcoma from a hen to a turkey; he also found that in this case filtered preparations
are ineffective. Duran-Reynals (1943) made a more detailed analysis and supple-
mented the findings of the preceding author by producing tumours in turkeys up to
three weeks old by means of injections of a non-cellular extract of Rous sarcoma.

Immunological approximation results in specific depression of the ability of the
recipient to make an immunological response. A high degree of immunological
tolerance to foreign cells, however, is found only on using intra-embryonal admin-
istration of the iso-antigen. The degree of immunological tolerance to hetero-
antigens is much lower (Hasek, Hraba 1955).

Up to now, a relatively high degree of suppression of immunological response has
been found only after embryonal parabiosis between turkey and hen (Hraba 1956).
In parabiosis, however, a large amount of foreign blood is transmitted to the embryo
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over a long period and re-population of the foreign cells can take place, thus increas-
ing still further the amount of the cellular stimulus. The effects of immunological
approximation found after the administration of a single injection of heterologous
blood are far smaller (Simonsen 1955, Hraba et al., 1956, Ha3ek 1956).

Immunological tolerance, which was originally studied in relation to normal
cells (Billingham, Brent, Medawar 1953, Hasek 1953, Ripley 1953) has also been
used in the study of the transplantability of malignant cells (Bollag 1955, Grozda-
novié 1956, Koprowski 1955, Simonsen 1955). Bollag found that in rats injected
during embryonal life with normal mouse cells, resistance to Crocker mouse sarcoma
was lowered in post-embryonic life. Similar results were obtained by Grozdanovid
in rats injected with a homogenate of normal tissue on the first day after birth.
Koprowski found that on evoking immunological approximation by means of normal
cells of the strain C,H, it is possible to abolish resistance of the strain ICR to ascitic
tumour, which normally grows on mice of the strain C,H. A tumour developing on
a tolerant mouse of the ICR strain actually undergoes antigenic transformation
and can even be transplanted onto a normal adult animal of the ICR strain. Simonsen
showed that turkeys injected with hen blood during embryogenesis are sensitive to
the agent of Rous sarcoma. He found that turkeys which had immunological
tolerance to hen blood, developed tumours visible even at the age of eight weeks,
after being inoculated with a non-cellular extract of Rous sarcoma.

In the present work, immunological approximation was obtained, as by Simonsen,
by means of a single injection of hen blood into turkey embryos. Some of the birds
were also given repeated injections of hen blood in post-embryonic life, Haskova
and Pokorné (1956) found that in ducks which had undergone prolonged injection
with hen blood from the commencement of post-embryonic life, there was very
marked suppression of the immunite response to hen blood cells. This method was
also used in our own experiments.

A hen skin transplant was made in some of the birds, the formation of immune
hetero-agglutinins was determined in another group and all the birds were inoculated
with the virus of Rous sarcoma.

Material and Methods

The turkeys were injected with the blood of adult hens. Turkey embryos were injected intravenously
on the 15th day of incubation, 0.3 ml. of citrated blood being injected with a number 20 needle into the
allantochorionic vein through the shell membrane, which had been made transparent with paraffin oil.
The details of this method have been given in a previous communication (Haek, Lengerové, Maternova
1955).

In newly-hatched turkeys, amounts of 0.4 ml. citrated blood were injected into the wing vein. Further
injections into the wing vein were administered at intervals of two to three days. The dose of blood was
increased progressively and by the end of three weeks was 1 ml. This amount was administered up to
three to four days before inoculation with the Rous virus.

Each series of experiments included control birds of the same age as the experimental birds. The
experimental birds were given either a single intra-embryonal injection of hen blood, or an intra-embryo-
nal injection followed by a series of injections in post-embryonie development, while a further group
received only a series of injections after hatching.

In the first group of turkeys, the hen skin transplant was made at the age of 17 days, the donor being
a chick aged 28 days. The skin grafts were fixed to the back of the turkeys with collodion, without
suturing. Details on the method of transplantation were given in an earlier communication (Haek
1954).

In the fifth series of experiments, immunisation was carried out at the age of 90 days with a single
dose of 1 ml. citrated hen blood, administered intravenously. Blood was collected on the 6th, 8th, 10th,
13th and 15th day after immunization and the titre of agglutinins against the donor’s erythrocytes was
determined. For the agglutination reactions, citrated plasma was used (1 part 3.89, sodium citrate to
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9 parts blood), which had been frozen before use at —13° C. In the test-tubes, one drop of a 2.5%, suspen-
sion of erythrocytes in physiological saline was added to two drops of plasma. Agglutination was read off
after 15 minutes and two hours at room temperature.

The tumour used in preparing the inoculum for the first three series was taken from a 6-months-old
Leghorn hen, which had been inoculated in the breast. It had appeared 10 days after inoculation and
was collected after 22 days’ growth. After removal, the tumour was stored at —13° C. The birds in the
fourth and fifth series were injected with an inoculum prepared from a further passage on a Leghorn
cockerel. The tumour was removed after 20 days’ growth.

Preparation of non-cellular extract: The tumour was homogenized for 20 minutes in & mortar and
diluted with physiological saline in the proportion of 1 :5. This homogenate was then centrifuged for
20 minutes at 3,000 RPM in silicon test-tubes. After transferring the supernatant fluid by pipette into
new silicon test-tubes, centrifugation was repeated under the same conditions. The supernatant fluid
was then used for inoculation. In the second series, silicon test-tubes were only in the second centriufga-
tion. In the third series silicon glass was not used at all.

Siliconisation was carried out with a 2.59( solution of methylsiloxane of Czechoslovak production
in distilled benzene. Clean test-tubes were dipped into this solution and after they were removed the
fluid was allowed to drip off, thus giving an even coating. The film was fixed for two hours at 250° C.

All the birds in series 2, 3, 4 and 5 were given intramuscular injections of 1 cc. of the extract in both
legs. In the first series half of this quantity was used.

Evaluation of the tumours: The experimental birds were killed five weeks after inoculation, those
in the fourth and fifth series being killed eight weeks after inoculation. All the birds were postmortemed,
including those which died during this period. The tumour was found in its typical form as a palpable
new growth at the sites of inoculation, with metastases in the liver, spleen and lungs.

Metastases were evaluated as positive when they were discernible as whitish, compact nodes which
frequently projected above the surface of the organ and penetrated deep into the parenchyma. In some
cases the material was examined histologically and evaluated. In the microscopic preparations, typical
tumour cells were observed fusiform and also polymorphous in character.

Results

The results are given in tab. 1 (experimental series 1—35).

Skin transplants: In the first experimental series, these survived for almost the
same period as in the controls; only in bird No. 8/401 did the transplant survive
longer (15 days).

Table 1. Table of Results N

RL: denotes whether tumour developed at site of injection on right leg. LL: denotes same for left leg.
ML: pre-ence of metastases in liver. MS: presence of metastases in spleen. MP: presence of metastases
in lungs.

a == lung metastases not tested in this series

b = metastasis almost completely destroyed liver paremchyma and prevented the organ from functioning
¢ = solitary metastasis on one lobe of liver; area about 1 em., penetrating maximally 0.5 cm. into organ
d = tumours appeared at sites of injection in controls 8/917, 8/915, 8/762, but later regressed. Size of
tumour in control 8/460 also decreased before the bird was killed
Series 1
Age at . ‘ No of
No. of | Hatched tirne of Survwgl . Age on days fr.
- Method - of transp.|inoculati- | .
bird out skin (days on (days inoc.to | 3| 5|3 |w|MX
transpl. ys) Y9) | death |& |3 |= |2 |=
8/596 30. 8. 55 embr. inj. 17 8 46 - —| === a
8/401 | 30.8.55| postem. inj. 17 15 46 28 | 4|4+ 4|+
8/462 30. 8. 55 po:tem. inj. 17 8 46 34 +—=+]|+
8/403 30. 8. 55 postem. inj. 17 9 46 30 — |+ 1|+
8/405 30. 8. 55 contr. 17 8 46 — — ==
8/406 30. 8. 55 contr. 17 8 46 - — ===
8,407 30. 8. 55 contr. 17 7 46 — — ===
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Series 2
. No. of days
No. of Hatched Method Age on inocu-| “p "y 0 o
bird out lation (days) death Qlalaiels
g 2|2 (=
8/410 5.9. 55 embr. postem. inj. 58 24 + |+ |+ |+ ]+
8/412 5.9.55 ” 57 25 +l |+ ]+ |+
8/415 5.9.55 . 57 26 U T R T
8/418 5.9.55 embr. inj. 58 24 IS T T
8/425 5.9.55 , 58 19 G N i i
8/423 5.9.55 . 58 34 ST (R I R
8/417 5.9. 55 . 57 24 4+ ]+
8/404 30. 8. 55 po tembr. inj. 64 29 e+ +
8/409 30. 8. 55 » 64 24 i+ -]+
8/416 5.9.55 control 58 — i e e
8/422 5.9.55 " 57 - IR D N
8/419 5.9. 55 . 58 - SR N D G
8/411 5. 9. 55 ” 57 - _i_ N
Series 3
. No. of days
No. of Hatched Method Age on inoeu-| ¢, i o) “to
bird out lation (days) death QgL e |
g AE |2 =
8/475 13.9. 55 embr. inj. 55 24 + |+ |+ +1 +
8/477 13. 9. 55 » 55 30 + i+ |+ |+ +
8/451 13. 9. 55 - 55 24 + 4+ |+ +
8/460 13. 9. 55 control 55 - —iFd — | — | —
8/462 13. 9. 55 " 55 - JH e IO O
8/453 13.9. 55 N 55 - JE N O O
8/449 13. 9. 55 . 55 - S T S I
Series 4
No of Hatched Method Age on inocu- g oi'n%t;:df‘ {B
bird out © lation (days) : de tl;n ° Alale ;| &
® g ==
8/841 20. 9. 55 po itembr. inj. 126 24 4+ =]+
8/842 20. 9. 55 ” 126 24 |+ ]+
8/840 20. 9. 55 » 126 16 — | = l4p|—| —
8/839 20. 9. 55 ’ 126 — — | =+ | =]+
8/813 28. 9. 55 embr, | postem. 119 26 +l+ |4+ |+ +
inj.
8/915 20. 9. 55 control 126 - d|—|— (—| —
8/917 20. 9. 55 ’ 126 — d|—|— |—| —
900 28.9. 55 » 119 —_ == | ==
8/762 28. 9. 55 ’ 119 — d|—1i— |—| —
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Series 5

Titre of agglut. | Ao on | No.of ]

No. of Hatched Mothod A'r%ocul days fr. ‘
bird out .Before After * (11 o jmocul.tol 31 5 |9 fm | &
immuu. |immun. days) | death & 13 =g =
8/719 28.9. 55 emb. inj. — 32 118 22 -+ } + |+ [+ 1+
8/865 28. 9. 55 N 2 4 118 2 4|4+
8/898 28.9.55 | control 1 16 118 — — = == ]=
772 28. 9. 55 N - 16 118 - — = fte — |—
780 28. 9. 55 » — 16 118 — — == = | =
782 28. 9. 55 ” - 32 118 - - %— S -

|

* with 1 ml. hen blood at age of 90 days

In the fifth series, the formation of immune heteroagglutinins was the same in the
inoculated birds as in the controls. The titre of agglutinins given in the table was
determined after collecting blood on the eighth day after immunisation.

After inoculation with the virus, very definite results were obtained. All the experi-
mental birds, with the exception of the controls and birds Nos. 8/596 and 8/839, died
on an average 25.4 days after inoculation with demonstrable tumours and
metastases. The birds which received intra-embryonal injections died on an average
in 22.8 days, birds which were given repeated post-embryonal injections in 23.2 days
and birds which were given injections intra- and post-embryonally in 25.2 days.

Discussion

The results obtained with immunological approximation to normal tissue antigens
are in agreement with previous findings. If hen blood cells which are injected in
amounts of 0.3 ml. into the blood stream of the turkey embryo take effect on it, by
the age of 90 days no decrease is found in the ability to respond to an injection of
hen blood by the formation of antibodies. Simonsen (1955) found reduced ability
to form agglutinins in turkeys injected intra-embryonally with hen blood, but this
was in birds immunised at the age of six weeks.

The survival of skin transplants in the turkeys of the first series was also noticeably
prolonged only in turkey No. 8/401. The transplants were already made, however,
on the 17th day after hatching. The degree of immunological tolerance in turkeys
injected with hen blood is therefore very low.

Very convincing results, however, were obtained in ascertaining susceptibility to
the Rous sarcoma virus in turkeys in which immunological approximation had been
produced. In three birds inoculated with tumour extract at the age of eight weeks,
Simonsen obtained tumours in two, but these did not cause the death of the birds,
even after five weeks. The results obtained by us were more definite. We explain the
difference in the results mainly by the fact that in our case the initial tumour grew
on a Leghorn hen and not on a Plymouth Rock, which is the original host of the
virus of Rous sarcoma. Simonsen (1955) does not state which breed he used, but he
refers to Duran-Reynals (1943), who used only Plymouth Rocks. A similar
example of increased affinity of the Rous virus, which was not cultured on the
original host (Plymouths) for birds phylogenetically still more distant, is givenby
Carr (1953). This author writes that the virus never produces tumours in pigeons
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when cultured in hens, but that the duck variant of the virus produces the tumour
in these birds.

In the turkeys given repeated injections from the day of hatching we also found
the same effective increase in susceptibility to the virus as after intra-embryonic
injections. Hanan and Oyama (1954), Dixon and Maurer (1955) and Cinader and
Dubert (1955) were successful in influencing antibody response to proteins by means
of repeated injections from the day of birth. Hagkova and Pokorna (1956) obtained
a similar result in ducks against heterologous erythrocytes. Increased susceptibility
to Rous sarcoma was also found in all turkeys which had received only postembryonic
injections, in spite of the fact that in turkeys, in contrast to ducks, the duration of the
adaptive period is approximately the same as in hens (Hraba, Hasek 1956).

There is, however, another possibility to be considered: In the birds injected in
post-embryonic life we cannot exclude the possibility that the hen blood elements,
particularly the monocytes, which were injected into the blood stream of the turkey,
may have been infected by the injected virus and continued to act as a cellular
inoculum, which always gives a positive result on transplantation. A transfer of the
virus by the monocytes alone from a bird with the tumour to a healthy bird was
already described by Haagen (1928, cited by Mauer 1938).

Interesting results were obtained on comparing the survival of a heterotransplant
of normal hen skin tissue and the growth of the Rous sarcoma on turkeys in which
immunological approximation had been produced by the injection of hen blood.
In the first experimental series, we observed the degree of immunological tolerance
in these birds, first by means of a skin heterotransplant and then by inoculation
with the virus of Rous sarcoma. Turkey No. 8/401, on which the heterotransplant
survived longest (15 days), also produced large tumours on both legs at the site of the
injection, after inoculation with the virus, whereas a further two post-embryonic
injections produced only small tumours on one of the legs. The birds died, therefore,
chiefly as a result of metastatic proliferation. The manner in which the tumour grew
on turkey No. 8/401 resembled more a typical hen tumour, since large tumours were
produced directly in the muscular tissue of the turkey.

In the fifth experimental series, it was found that the injected birds formed
immune agglutinins as well as the controls. In spite of the fact that a high titre of
agglutinins was found in all birds, those in which immunological approximation had
been produced by an intra-embryonal injection of blood died, in contrast to the
controls, 22 to 24 days after being inoculated with the virus.

The acquired susceptibility of turkeys to the virus of Rous sarcoma is most
probably the result of immunological tolerance to the normal hen blood cells. The
finding of immunological approximation to Rous sarcoma is therefore in agreement
with the view that the virus contains a component of ‘‘hen species specifity”.

The finding of the normal formation of immune agglutinins in the treated turkeys
of the fifth series and fully preserved susceptibility to the Rous virus can be ex-
plained by the postulation that the ‘“hen’’ antigenic component of the virus does not
correspond to the erythrocytic antigens, but to the antigens of the tissue cells
responsible for transplantation immunity in transfers of other tissues. Attention has
already been drawn to this antigenic difference or inequality between the erythro-
cytes and antigens of the cells of the skin transplant (Hagek, Lengerova, Maternova
1955, Billingham, Brent, Medawar 1953, Hagek, Hraba, Esslovd 1956). It is there-
fore possible that tolerance for erythrocytic antigens could no longer be found, but
that tolerance for leucocytes was preserved, but this was not tested in our experi-
ment. There may also be a quantitative difference between the susceptibility of nor-
mal and tumor cells to a transplantation immunity reaction. The tumour can
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evidently grow and destroy the host as a result of the greater growth aggressiveness
of the tumorous cells, even in the presence of slight immunity to the tumour. This is
borne out by the large series of results in which transfers of tumor cells were far
more successful than the transfer of normal tissues. It may therefore be assumed that
the testing of immunological tolerance by means of tumor cells is a more sensitive
method than by means of normal cells.

Finally, in an interpretation of acquired susceptibility in turkeys, one should
bear in mind the possibility that there may be a decrease in the formation of anti-
bodies against the antigen of the virus of Rous sarcoma possibly present in the hen
blood used for the injections, in sub-infeetive amounts, or another virus may be
present which is immunologically identical with or related to the virus of Rous
sarcoma. This last problem was resolved in normal hens by Duran-Reynals
(1953) for the virus RPL 12; this author found that it was not the formation of
antibodies against this virus, but actually its presence, which had an inhibitory
effect on the Rous virus, i. e. that in this case there was antagonism between the two
viruses. The possibility of producing immunological approximation to a virus was
also previously demonstrated by the results obtained by Fraub (1936, 1938, 1939),
who found that the embryos of mice which are infected with the virus of lymphocytic
choriomeningitis in utero, suffer from an atypical form of this disease in post-
embryogenesis, without the formation of antibodies. Similar results have been
obtained more recently by Komrower, Williams and Stones (1955).

(Plates XXX, XXXI)
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BospeiictBe mMMyHOJIOTHYECKOr0 cOMMMEHNA HA IEPeaBaeMOCTh
BUpyca capkoMel Rous-a y unpmeer

f1. CBOBOJA un M, F'AIIEK

Pesonme

Msr robuBainch y HHIEEK UMMYHOJIOTHUYECKOIO COMIKEHUS 110 OTHOIICHUIO K Ky-
PHHBIM aHTHUIGHAM, B pPe3yabTaTe KOTOPOIO HACTYIIAeT IIOJHOe HOJaBJeHHe WU
ocrmabiieHie MMMYHHOII peaKIUH IIPOTHB IIPUMEHSBUIMXCSL IS COJMIKCHUS aHTH-
TEHOB, — BO-1IIEPBHIX, ¢ TOMOIIBI0 HHBeKNUI 0,3 MJI IUTPATHOH KYpPUHOH KPOBU
B QJUIAHTOXOPUOH 3aPOABINICH MHJEIKY, a BO-BTOPHIX, IIYTeM BHYTPHBCHHBIX BiUPBI-
CKUBAHUII KPOBM MHIIOMATAM, HAYUMHAS ¢ MOMEHTA BBIKJICBLIBAHMA BILIOTH N0
TNPUBUBKY, ¢ 3-THCBHBIMM MHTEpPBAJIaMi. DBeCKIIETOYHBIH DKCTPAKT I'OMOICHH3HPO-
BaHHOW ONYX0;1eBOI TKaHU capkoMbsl Rous-a JIVIg IPUBUBKYE B MKPOHOZKHYIO MBILILY
OPHCOTOBIISIICS IMYTEM ee pasBefeHUs (U3UOJOrHIecKuM pacTBopoM 1 : 5 u moBTop-
#Horo meHrpudyrunpoBannsa B redenue 20 mus. upu 3000 o6/mun. [fna onpita 6panuch
uHJIoIAaTa B Bozpacte 6—18 Heesb. ¥V KOHTPOJBHBIX B OOJIBIIUHCTBC CJIy4aeB IIocJle
IPUBMBKE BUpyca He HAONIOAANOCHh HUKAKAX MAaKPOCKONUYCCKM 3aMETHHIX IH3Me-
HeHuil, B HeGOJBIIOM KOJHYeCTBe CIy4yaeB HaM yhaBajoch HabmomaTh KobGporade-
cTBeHHoe 3aboJsieBaHme perpeccupymomiero xapaxrepa. M3 23 cOmmxaBniuMxcsa WH-
[IOMAT Y BceX, KpoMe ABYX, 3a0ojieBaHHe NPOTEKAJI0 3JOKAYECTBEHHO, M BCe OHM
norufI B cpefgHeM depe3d 23,4 JHA ¢ BBIPA3HTEIbHBIMH OIYXOJIAMU M MeTacTazaMu
B JIETKUX, TeYeHW X cesie3eHre. VIHmomara, IoJIyuaBImie BHYTPU3apOABIIEBEIC
VKOJBI, morubanu B cpefHeM depes 22,8 MH#A, IpU MOBTOPHBIX MOCTIMOPHOHATILHEIX
HHBERIUAX — depes 23,2 xHs, a TNpu SMOPHOHAJBHEIX M MOCTA3MOPMOHA: BHBIX —
yepes 25,2 1HA.

IloBoimeHnne BOCIIPUEMYMBOCTY MHIEEK 110 OTHOINEHUIO K BUpycy capKomnl Rous-a,
0 BCEH BEPOSATHOCTH, HACTYNAET KAK PeAKIWA MMMYHOJOTHMYCCKOTO COMIMKeHUA Ha
AHTMTeHBL KYPHHON KpOBU, NpUMeHABHICIiCA BO BCeX CIYYasX ANA COMMKeHUHd.
ITO TOATBepHIACTCH M HAOIOMeHNeM, YTO BUPYC capkoMsl Rous-a cofep:kuT Ky-
punsiii antured. Hawkosem, mpy mocTsMOpMOHAIBHBIX BIPBICKMBAHHAX He cllefiyeT
3a0BBATH M O BOBMOKHOGTH HPAMOIl HHQEKIWM BOPHCKHYTEIX B KPOBAHOC PYCJIO
UHJEHKN 3JIEMEHTOB KYPHHOI KPOBHU, BBICTYHAIOIINX IHOTOM B KadecTBe KIIETOYHOTO
inoculum, KoTOpOe ryOUTENBHO AEHCTBYET W HA HOPMAJBHBIX JKUBOTHBIX. Mbl mpu-
HUMaJIH BO BHIMAHWE ¥ BO3MOJKHOCTH HAXO#IeHHA B NpPUMeHABINelcH JJA YKOJOB
KYpHHOI KpoBH YO HHHPERIMOHHEIX KOJINIECTB BAPYyca capkomel Rous-a miu nipy-
roro MMMYHOJIOTHYECKU POJCTBEHHOTO Bupyca. TakuM ofpasoM, cOIm#keHne MOTIIO
OB OCYNIECTBIIATHCA M HEIOCPEACTBEHHO B OTBET HA BUPYCHHIL aHTHIeH. B mocnepneit
Cepuu OIBITOB MBI Iepef NPUBHBKON BUpPYcAa NMMYHU3UPOBAJIH MHAECK KYPUHBIMU
HPUTPONUTAME ¥ YOEIUIIUCH, YTO Y cOMMKABIINXCA 0coGell MMMYHHEIC arTJIIOTHHUHBL
o0pa3yioTcd B TaKOM ke TUTpe, Kak B KoHrtpoie. Tem He Menee cOiMKaBHIIMECH
MHUBOTHEIE TOCJIe NPUBUBKH BApyca HOTHOAAM B OTINYHe OT KOHTPOJBHBIX uepe3

22 u 24 nuA.
(Ta6. XXX, XXXI)
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M. Posenbepe: ®arosusuc KIeTok CTAQHIOKOKKA, Tabx. XVII.

Puc. 1, 2.
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M. PozenGepa: Daroim3ne KICTOK CTaQUIOKOKKA, Tata, XVII.

Approved For Release 2008/04/10 : CIA-RDP80T00246A002900500012-2



Approved For Release 2008/04/10 : CIA-RDP80T00246A002900500012-2

M. Posenbepe: [IMHAMUKa Pacnaja, JU30TeHHHIX KIETOK MOJK AeHCTBHEM Taban, XIX.
yIbTpaduoIeTOBHX Jyyei.

Puc. 3. Pacnag uyscTBuTedbHOTO 1TaMMa S 3 nof felictBuem Gaxrepuodara, BHAeN1eMOro JIM30-
reHHHIM mrammom LS 2,
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M. Posenéepe: JlunamMuka pacuajga JM30TeHHBIX KJICTOK [o/f jelicTBruem Tafa, XX.
YyabrpaduoeToBHX Jyveit,

Puc. 4. Pacnag amsoreHsoro mramma LS 2 mocie YAbLTpaduOTeTOBOTO 00y UYCHNSI,
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M. Posenbepe: JluRaMMKa pacnaja JIM30TeHHBIX KIETOK I0J AelcTBHEM Ta6a, XX.
yabTpaduoeToBEIX dyyeil,
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M. Boiimuwrkosa: I BONPOCY yUACTHA HEOII0/[OTBOPSAIONMX FKUBUNKOB Ta6a, XXI.
B II0IOBOM Tpolecce,

Puc. 1. dWupuuin B MbinieHoH 1 coefnHuTenbHOll THaHK BIarasa, Kypuna N 42, fopmon,
Harris, neagouguHoBBIM cpes, yBequdeHue 400X,

Puc. 3. MHoskecTBO (arouuTupyOIUX KIeTOK B IpocBeTe W B CIUBHCTON, OTAeiIbHbIEe RABYMKH
B TpocBeTe MaTku Yy Muinin. ®opmod, Harris, neamongnnossiii cpes, yBelandeHue 400 x
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M. Boiimuwkosa: K Bonpocy y4yacTus HeonJd0ZOTBOPAIOIIUX UBYMKOB Ta6a., XXII.
B IIOJIOBOM IIpoliecce.

Puc. 4. llenmondapHas peakuus Yepe3 24 vaca. 3arjoTaHHble KUBYMKM U 3epHHCTOCTb B T0.IHU-
Ganacrax. ®opMox, Harris, mapadusoBuii cpes, yBemnuennme 1100 x .

Puc. 5. sRusuuku B peixio#t coequnurenvHoit rranu B Meimte, ®opwmoa, Harris, nenmounnnossiit
cpes, yBeaudeHue 700 X .
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M. Boumuwkosa: R BOIpoCY y4aCTHUA HeOMIOZOTBOPAKLIX JKUBUIKOB Tada, XXIII,
B I10I0BOM Ipolecee,

Pic. 6. OpUTpOLIITH KPoJika BLICOKO B LIEJAX MerHIY BOJOKHAMI MBIUIILL HbITTeHKa, Popmoat,
Harris, ueatouansossiil cpes, yBeamdeHie 70 x .
Puic. 7. OpHTpoNUTH Kpo:liika, «IpoHHRA©Ie» B BOJOKHA MBNULBL HblikieHka. Dopwmoa, Harris,
LeTHOHANHOBEIL cped, VBedmueHne 400 X .
Puc. 8. jRuBuuku 1z Gurcupyouleil smuRocTH, «(MPOHIKUIIECY Hepes phIXJIVI0 COeJHHUTe]bHY 0
TRaHb B LEAAX MedAy MbeHBIMI BodorHami, ®opwmo:a, Harris, neatomunonstii cpes, yBedu-
JeHute A00 X,
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M. Burger and K. Beran: On the Transglucosidatory Activity of Enzymatic Preparations of the Fungus, Aspergillus niger. Plate XXIV.

.

-~k An A e
S, C ReG R L*6 L M6 M S, S+6 S Sy RVG R L+G L MG H C S#¢6 S
Fig. 1. Time of Incubation 75 minutes. Fig. 2. Time of Incubation 18 hours.

The Action of an Enzymatic Preparation of A. niger on Some Oligosaccharides

Incubated sugars: C = cellobiose, R = raffinose, R—G = raffinose with glucose, L = lactose, L—G = lactose with glucose, M = maltose, M—G =
= maltose with glucose, S = saccharose, 8—G = saccharose with glucose, S, = specimen of cellobiose. Sugar composition of the incubated mixtures:
F = fructose, G = glucose, Ga = galactose, M = maltose, IM = isomaltose, M; = maltotriose, P = panose.
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M. Burger and K. Beran: On the Transglucosidatory Activity of Enzymatic Preparations of the Fungus, Aspergillus niger. Plate XXV,

a b ¢ d e f g g S S3 S, a b ¢ s

Fig. 6. Fig 7

The Action of an Enzymatic Preparation of A. niger on Glucose

G = glucose, M == maltose, IM = isomaltose, P = panose. (Period of incubation — 18 hours). Fig. 6. a. b, ¢, d. e, f = 5, 10, 30, 40. 50
and 60% glucose. g = 15% glucose and 50°, glycerin. Fig. 7. 8,. S5, Sy = 40, 50 and 60°; non-incubated glucose solution, a,b, ¢ = 40,
50 and 609, glucose solution incubated with enzymatic preparation.
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J. Rozsypalund F. Mrdz: Das Auftreten von Olmohnbakteriosen in der Bildtafel XXVI.
Tschechoslowakei.

Die Blattfleckenbakteriose des Mohns

Abb. 1. Mohnblatt (P. somniferum L.) mit Blattfleckenbakteriose.
Abb. 2. Einzelne Blattflecken (vergrossert).
Abb. 3. Kiinstlich infiziertes Mohnblatt.
Abb. 4. Zwei Mohnblitter: links mit Blattfleckenbakteriose, rechts mit Helminthosporiose.
Abb. 5. Zweitiigige Kolonien des Erregers der Blattfleckenbakteriose auf Fleischextrakt-Peptonagar
(vergrossert).
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J. Rozsypal und F. Mrdz: Das Auftreten von Olmohnbakteriosen in der Bildtafel XXVII.
Tschechoslowakei.

Die Stengelbakteriose des Mohns

Abb. 6. An Stengelbakteriose erkrankte Pflanze mit beginnendem Welken am Gipfel.
Abb. 7. Durchschnitt eines Mohnstengels mit vorgeschrittener Bakteriose.
Abb. 8. Durch Stengelbakteriose vernichtete jiingere Mohnpflanzen.
Abb. 9. Ausfluss des Bakterienschleims an der Infektionsstelle am Wildmohnstengel.
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J. Rozsypal und F. Mrdz: Das Auftreten von Olmohnbakteriosen in der Bildtafel XXVIII.
Tschechoslowakei.

Abb. 10. Durchschnitt eines Wildmohnstengels mit vorgeschrittener Bakteriose.
Abb. 11. Mohnstengel mit Einstichen der Mohnstengelgallwespe und ihres Parasiten Trichomalus
fasciatus.
Abb. 12. Von der Weichwanze Calacoris norvegicus Gmel. angestochene Mohnknospen.
Abb. 13. Durch Calocoris norvegicus uibertragene Stengelbakteriose am Mohnkapselstiel.
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J. Rozsypalund F. Mriz: Das Auftreten von Olmohnbakteriosen in der Bildtafel XXIX.
Tschechoslowakei.

Abb. 14. Durch Stengelbakteriose vernichtete junge Knospe.
Abb. 15. Mohnbliite mit Nekrosen an Bliitenblédttern, Stielen der Staubgefésse und an den Narben nach
Knospeninfektion.
Abb. 16. Deformierte Mohnkapsel nach Infektion mit Stengelbakteriose.
Abb. 17. Infizierte Mohnkapsel wihrend der Samenmilchreife.
Abb. 18. Kolonien des Erregers der Stengelbakteriose auf Fleischextrakt-Peptonagar im durchscheinen-
den Licht (5fache Vergrosserung).
Abb. 19. Altere Kolonien im durchscheinenden Licht (6fach vergrissert).
Abb. 20. Altere Kolonien auf Kartoffelagar (5fach vergrossert).
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J. Svoboda and M. Hadek: Influencing the Transplantability of the Virus of Rous Plate XXX.
Sarcoma by Immunological Approximation in Turkeys.

Fig. 1. Tumour on leg of turkey 8/865.
Fig. 2. Section through tumour on leg of turkey 8/719 in situ.

5

Fig. 5. Transverse section of spleen of turkey 8/402. White sarcoma nodes visible. Fixed with 109, for-
malin.

Fig. 6. Turkey 8/412— Lungs with metastases. Fixed with 109, formalin.
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J. Svoboda and M Hasek; Influencing the Transplantability of the Virus of Rous Plate NXXI.
Sarcoma by Immunological Approximation in Turkeys.

Fig. 3. Microscopic section of tumour on turkey 8/416. Tumor cells penetrating in linear formation
into muscular tissue. Remains of muscle fibres still discernible. Magnification 200 : 1. Haem.-eosin.

Fig. 4. Turkey 8/412—section of liver metastasis. Magnification 400 : 1. Haem.-eosin.
Fig. 7. Liver of turkey 8/865 after opening body cavity. Distinguishable metastases on surface of organ.

Fig. 8. Turkey 8/402 —section of metastasis in spleen. Tumorous elements retain fusiform shape. Magnifi-
cation 200 : 1. Haem.-eosin.
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